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EXECUTIVE SUMMARY

The U.S. Environmental Protection Agency (EPA) has become increasingly concerned about the
risks people face from radon gas in their homes. EPA has developed a risk communication program
to help people evaluate their risks and decide whether mitigation is necessary. EPA's Office of Policy
Analysis sponsored this Cooperative Agreement research to address radon risk communication research
issues. This report provides a mid-course evaluation of the effectiveness of the New York State Energy
Research and Development Authority’s (NYSERDA's) risk communication program, which is conduct-
ing an independent study to monitor radon exposures in New York State.

Research Design

The research addresses two main risk communication issues: the use of qualitative-versus-
quantitative information to explain risk and the use of command-versus-cajole tone to describe the
need for further actions about radon. The quantitative-versus-qualitative feature of the design is straight-
forward: Does numerical risk information help people form risk perceptions and make subsequent
decisions? The command-versus-cajole feature distinguishes between information presented in a
directive-versus-evaluative format. The cajole tone encourages individuals to use the information in
forming independent judgment about their personal risk, based on their own circumstances, and to
determine whether further actions are needed. The directive approach, or command tone, emphasizes
an expert's (i.e., EPA's) evaluation of what is the appropriate level for action.

The appraisal uses a unique research design: a panel of 2,300 New York State homeowners
participating in NYSERDA's radon monitoring study. These homeowners are facing real risks, not
participating in a hypothetical experiment. A comparison sample of 252 homeowners not in the meas-
urement study also is included. The design evolved from a long process that included focus groups and
expert reviews. It includes four experimental brochures developed as part of the research, EPA's Citizen's
Guide to Radon, and a brief fact sheet. The information materials were randomly assigned to homeown-
ers. To date, almost 5,000 telephone interviews have been completed with response rates exceeding
90 percent for the homeowners in the measurement study. The socioeconomic characteristics of the
homeowners in both the monitored and comparison samples are very similar.

The evaluation considers four indicators of effectiveness: learning about radon risks, measurement,
and mitigation; the formation of subjective risk perceptions; the demand for radon information; and
homeowners’ decisions to mitigate their radon levels. Because the homeowners participating in the
study would not be expected to make mitigation decisions now, our evaluation is a mid-course appraisal
that considers the first three indicators of effectiveness. This appraisal addresses the question raised
by former EPA Assistant Administrator Milton Russell: "Do the right people worry and the others stop?"



Learning

The first indicator of effectiveness is whether people learned from the information materials. All
the brochures improved learning relative to the fact sheet. Homeowners knew most about how to meas-
ure radon, with 91 percent answering questions on this topic correctly. They answered 63 percent of
the risk questions correctly, but only 38 percent could answer a difficult mitigation question. The
cajole/qualitative brochure containing a chart with three colored columns to distinguish between life-
time and annual risks enabled 83 percent of the homeowners receiving it to understand the distinc-
tion. Our statistical analysis showed people with higher levels of education, awareness, and radon had
higher learning, while older people had lower learning.

Risk Perception Formation

The second indicator of effectiveness is whether people form rational risk perceptions. Unlike other
recent studies that found no simple association between perceived and technical risks, our results show
people's perceptions generally change in the appropriate direction in response to information on radon
risks. After receiving their radon readings and information treatments, 47 percent of the homeown-
ers perceived their risk to be on the low end of our scale, an increase of 25 percent over the baseline
survey findings. The percentage of homeowners who did not know how serious their risks were in the
baseline survey decreased from about 25 percent to less than 5 percent in the followup survey. The
statewide average (geometric mean) radon level for New York is less than 1 picocurie per liter of air.

The direction of change is consistent with rationality but the adjustments are far from perfect.
Some groups have more difficulty assessing their risks from radon. Older people and less educated
people were less likely to process risk information correctly. The same was true for homeowners who
received only the fact sheet about radon.

Homeowners had difficulty processing the information in the charts used to communicate risk.
Compared with homeowners who have low radon levels, those with higher radon levels were more likely
to mistate the placement of their radon reading. Those receiving the EPA Citizen's Guide also were
more likely to incorrectly mistate their reading placement. These results are preliminary because our
analysis has not distinguished whether the reported values were overstated or understated. We have
not analyzed whether the mistatements may have been caused because people adjusted their risks.

Information Demand

We assume that lower demands for additional information are preferred to higher ones. Demands
beyond the printed materials could severely strain an agency's risk communication resources. To eval-
uate the demand for more information, we asked homeowners about their willingness to purchase the
services of a radon diagnostician - a certified inspector who would diagnose their radon problem. The
estimated willingness to pay for purchasers ranged from $75 to $170 while those for nonpurchasers
ranged from $45 to $125. The model estimates were remarkably stable and robust across alternative
specifications. The results showed the intent to purchase the service declining as the offer price
increased, which is consistent with economic theory. Despite low risks, people who received only the
fact sheet were significantly more willing to demand the services of a radon diagnostician than those
receiving any of the five brochures. They also were more likely to ask for more information on risk
and on mitigation.



Our findings indicate that people use informal communication channels more than formal ones
to find out more about radon. When they discussed their radon results, it was more likely to be with
family members, friends, relatives, and neighbors. Less than 1 percent of the homeowners contacted
a government agency or public official after receiving their radon readings and information materials:
This implies that the NYSERDA information program effectively reduced the need for more
information from government sources. Nevertheless, homeowners in New York are not likely to know
which agencies to turn to for more information about radon. Less than 8 percent would have turned
to the right agency.

Implications

Several important implications can be drawn from this mid-course evaluation of the NYSERDA
risk communication program. First, the treatments caused important differences in objective meas-
ures of learning, risk perception, and information demand. However, most respondents thought their
own information treatment was useful and understandable, even those receiving the fact sheet. This
implies that information program evaluation must employ perceptual/behavioral measures of perform-
ance. Simply asking people whether they liked risk communication materials can be misleading.

Second, regardless of how effectiveness was measured, the brochures out-performed the fact sheet.
Even though the homeowners themselves found the fact sheet useful, our evaluation showed lower
levels of learning, higher demands for more information, and higher levels of anxiety.

The fact sheet was similar to ones used in other states and had better communication features
than most of the radon risk information provided by the private sector. Our findings clearly show the
need for, and potential value of, EPA's risk communication efforts such as the Citizen’s Guide and other
new risk communication initiatives. Difficulties people experienced in using the charts in the Citizen's
Guide imply that there is room for improvement in these efforts as well. Nonetheless, better risk com-
munication can help the right people worry and the others stop.

Third, our findings imply that several factors improved the effectiveness of risk communication.
The cajole/qualitative brochure helped homeowners develop a more intuitive understanding of their
risk, shown by their higher learning, and a better ability to advise their neighbors about radon risks.
The quantitative brochures, containing numerical risk information, were most effective in reducing
divergence between perceived and technical risk. The EPA Citizen’s Guide, containing the most infor-
mation, and the quantitative versions lead to the greatest reduction in the demand for more information.

Fourth, none of the risk communication channels we have evaluated seems to work well for older
people. Even after adjusting for differences in education and radon awareness and other factors, older
people showed less learning and had more difficulty forming their risk perceptions. They also were
less likely to intend to purchase the services of a radon diagnostician and less likely to use additional
information brochures on either radon risks or mitigation. Because older people experienced problems
in evaluating their risks, it is important to determine whether their responses are rational given their
circumstances, or reflect the need to find a more effective source for communicating risk information.

Fifth, our mid-course appraisal shows that homeowners did respond to the risk information ration-
ally. People with higher radon readings perceived their risks to be more serious than those with lower
readings. However, our results also show that we need to improve our understanding of the relation-
ship between perceived and technical risk estimates.

In the next stages of this study, it also will be possible to track homeowners’ mitigation decisions,
which are needed to evaluate our fourth effectiveness indicator. This evaluation cannot be completed
until after the annual radon readings are sent to the homeowners. An evaluation of alternative com-
munication channels can also occur then.
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CHAPTER 1
COMMUNICATING RADON RISK
EFFECTIVELY: AN INTRODUCTION

1.1 BACKGROUND

Radon gas can be a serious health hazard. It was originally recognized
as a problem in Sweden and Canada and, to a more limited extent, in Maine and
Florida in the United States. Over the past 2 years, the public’'s concern
about radon risks has increased throughout the United States and Europe. In
Norway and Sweden, new epidemiological studies soon will improve the available
estimates of the risks people face in their homes, and researchers are contin-
uing their investigations of ways to reduce radon concentrations. The British
are concerned that radon is a leading cause of lung cancer in England, perhaps
second after smoking (Pearce [1987]).

In the United States, concern about radon increased substantially among
the public and health experts when very high radon concentrations were discov-
ered 3 years ago in the Reading Prong. Beginning near Reading in Southeastern
Pennsylvania, this geological formation extends through parts of Pennsylvania,
New Jersey, New York, and to a lesser extent Connecticut. Earlier mining
activities had revealed high radon concentrations in Florida, Montana, Colo-
rado, and other parts of the Western United States. High radon levels are
continually being discovered in other parts of the country as well. For exam-
ple, Tennessee officials have found elevated radon concentrations in the Nash-
ville area. The same is true of areas in Northern Virginia and Maryland
(Gerusky [1987], Lowry [1986], and Yepsen [1987]). Experts disagree over the
exact magnitude of the risks involved, but most agree that radon is the most
serious indoor air pollutant, and that high concentrations represent a signif-
icant health hazard (Coyle and Drachler [1986] and Wlazelk [1986]).

The National Academy of Sciences recently convened a workshop on Indoor
Radon. An informal summary of its recommendations emphasized the importance
of information programs in reducing radon exposures. It noted the need for
households to take action about radon in their homes and suggested that merely
providing scientific information is unlikely to stimulate these actions. The
participants questioned how much policymakers should intervene in private
lives to protect people from radon exposure. They also called for a cohesive
program of research that would address the difficulties people have in
responding to scientific information.

Our research addresses these radon risk communication issues. A prelimi-
nary analysis of 2,300 New York State homeowners facing actual risks suggests
that properly designed information programs do transfer knowledge about radon
risks and lead to systematic changes in risk perceptions.
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1.2 RADON REGULATORY ISSUES

Environmental Protection Agency (EPA) Administrator Lee Thomas has made
radon a main target of the Agency’s efforts to manage environmental risks.
Radon’s physical characteristics, however, complicate the development of an
effective policy to manage its risks. Because radon occurs naturally from the
underlying rocks and soil, there is no villain to serve as a focal point for
people’s reactions. In a focus group to evaluate early versions of EPA’s
communication materials, one participant remarked: "What are we going to do,
sue God?” (Desvousges and Kollander [1986]). Sandman [1987] suggests that the
lack of a well-defined bad guy causes people to have less outrage about the
risks from radon exposure, making it more difficult to motivate them to test
their homes for radon. Former EPA Assistant Administrator Milton Russell
[1986] noted that the government will spend over $300 million to reduce radon
exposure from uranium tailings from former commercial operations and only a
fraction of that amount on programs to reduce the risk from naturally occur-
ring radon exposure. If current policies accurately reflect voter sentiments,
then the differences in the average household’s perception of the property
rights to safety in these two situations may partially explain the differences
in spending (see Smith and Desvousges [1986, 1987]).

Because radon occurs naturally and people experience its risks primarily
in their homes (or buildings), EPA’s conventional regulatory approaches are
unlikely to be appropriate. The Office of Radiation Programs is in charge of
implementing EPA’s radon policy. Its Director, Richard Guimond, has described
the Agency’s role as facilitating the flow of information about radon. (See
Coyle and Drachler [1986].) EPA’s efforts include providing information and
technical assistance to the States, setting guidelines to assist homeowners in
determining whether mitigation actions are needed, and conducting engineering
research to find ways for effectively reducing the radon concentrations in
homes.

In contrast with direct regulation, an information-based approach
requires that individual property owners ultimately decide when and how to
reduce their risks. Such an approach differs significantly from the majority
of EPA’s policy efforts, which usually set maximum emission levels from some
type of pollution source. This suggests a clear need to evaluate how the
design of an information program affects its performance in communicating risk
information and in motivating households to undertake mitigation actions. The
success of EPA’s efforts to communicate these risks will influence the effec-
tiveness of the Agency’s overall policies for managing radon risks.

There are, however, many challenges facing an information program as a
policy instrument to reduce the public health risks faced by households from
radon. Adler and Pittle [1984] conclude that communication/education programs
have been largely ineffective in inducing individuals to cut back on choles-
terol intake or change other behavior patterns. In contrast, Viscusi, Magat,
and Huber [1986] are optimistic that warning labels can help households to
understand the risks of such hazardous consumer products as chlorine bleach
and drain cleaners. However, their research design elicits people’s inten-
tions of taking precautions in the use of products with varying risk labels
rather than actual behavior.
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Kasperson and Palmlund [1987] point out that the scope of a risk communi-
cation program is extensive. It ranges from practical elements--e.g., how to
best present risk information, or what communication channels to use--to ethi-
cal ones--e.g., the motives of the Agency. Risk communication also exceeds
the boundaries of traditional disciplinary research.

In a speech to the Columbia School of Journalism, former EPA Assistant
Administrator Milton Russell [1986] summed up both the importance and complex-
ity of effective risk communication:

Real people are suffering and dying because they don’t know when to
worry, and when to calm down. They don’'t know when to demand action
to reduce risk and when to relax . . . . There is only so much
individuals can worry about. There is only so much society can do.
The key is to choose the right worries and the right actions. We
don’'t do that very well when it comes to the environment. [pp. 1-2]

1.3 RESEARCH OVERVIEW

This report presents preliminary results of a research project that
involves the cooperative efforts of the New York State Energy Research and
Development Authority (NYSERDA), the New York State Department of Health, the
U.S. Environmental Protection Agency (EPA), and the researchers participating
in a cooperative agreement with EPA (CR-811075). The risk communication
research complements a NYSERDA project that is estimating the average concen-
trations of radon in homes throughout New York State. To develop these esti-
mates, NYSERDA is monitoring the indoor radon levels for a scientifically
designed sample of about 2,300 homeowners. The NYSERDA project design
includes sending each participating homeowner the monitor results for his
house.

However, it was not clear what information households would need to eval-
uate their radon readings and how to present that information. NYSERDA was
concerned about how to motivate the households involved to take appropriate
remedial actions but not create undue anxiety. Its need for an evaluation of
how to communicate radon risk has provided EPA with an opportunity to evaluate
the effectiveness of risk communication in reducing the risks, and anxiety,
from radon exposure. Our research was designed to address the needs of both
NYSERDA and EPA.

Our experimental design randomly assigns carefully structured radon
information materials to each homeowner. Although each set of materials
includes about the same information, some parts differ in systematic ways.
The differences were based on recommendations from a panel of experts who were
asked what the most important unanswered questions are in communicating risks
such as that from radon exposure.
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Figure 1-1 shows the differences between quantitative and qualitative
formats for communicating risks. This part of the design addresses whether
expressing risk numerically helps people evaluate the severity of their expo-
sure to radon. As we discuss in Chapter 2, experts disagree over the answer
to this question.

The other major question addressed in our design is whether the tone used
in a communication brochure affects people’s perceived risks or subsequent
actions. We compare a directive or “command’ tone, based largely on EPA’s
action guidelines, with an evaluative or "cajole" tone. Figure 1-2 illus-
trates how the differences in tone were reflected in the brochures, especially
the statements about lifetime risk. Our design allows for each of these
elements--qualitative, quantitative, command, and cajole -- to be evaluated
independently as well as together. We also evaluate the EPA Citizen's Guide
and a fact sheet used earlier by the State of New York (and similar to fact
sheets used in other states).

The design also recognizes that this is not a hypothetical experiment for
the homeowners participating in NYSERDA’s measurement study. Exposures to
radon are the source of real risks. This means we must balance the needs of
all three groups--NYSERDA, EPA, and the homeowners. In fairness to the parti-
cipating homeowners, each brochure contained the same information on the
nature of radon, its health effects, the risks associated with various lengths
of exposure, and mitigation alternatives. Although the fact sheet has less
information on risk, it included the EPA guidelines and those of the National
Council on Radiation Protection. Also, it was sent only to homeowners with
less than 1 picocurie of radon per liter of air in their homes.

Figure 1-3 provides an overview of how the radon information study com-
bines policy and research activities to evaluate the effectiveness of risk
communication. The need for careful timing and coordination in the research
activities is apparent. The first block in Figure 1-3 highlights the survey
that we conducted to obtain baseline data on perceived risks from radon expo-
sure. This survey also acquired other baseline information on homeowners’
knowledge and awareness about radon and preferred, channels for communicating
risk information. After the information materials (including the readings)
were sent to the homeowners, we followed up on the same issues in a second
survey.

The second block in Figure 1-3 highlights the information materials used
in helping New York State inform households about their risks from radon.
These materials explain radon measurements, risks, and mitigation alterna-
tives. The third block indicates the key features in our design of the radon
risk information formats. The fourth block shows alternative ways of deliver-
ing information to the households. These include mailings, town meetings, and
radon audits. Only the results from mailings are reflected in this report,
but we have acquired information on the preferences for other delivery vehi-
cles and communication channels. The fifth block represents the 2,300 house-
holds participating in the NYSERDA study that received the alternative bro-
chure or fact sheet. The NYSERDA study also calls for annual radon readings
to be sent to the homeowners in the summer of 1987, providing another opportu-
nity for us to evaluate risk communication.

1-4



Quantitative Qualitative
Radon Risk Chart Radon Risk Chart*
Lifetime Lifetime - -
exposure | risk of dying Comparable risks Lifetime ?&%mbm risks
(pico- | from radon® | of fatal lung cancer exposure of fatal fung cancer
curies (out of (lifetime or (plccxipm;:s ("fet'mf. or I_entlre
perliter) | 1,000) entire working life) per liter working life)
75 214 - 554 75
40 120 - 380 40

20 60 - 210

10 30 - 120

Working with
asbestos
Smoking 1 pack
cigarettes/day

*U.S. Environmental Protection Agency lifetime risk
estimates. The National Council on Radiation
Protection has estimated lower risk, but it still
considers radon a serious health concern.

2 7-30 | [Having 200 chest
k. | Xraysperyear R
1 3-13
0.2 1-3

20 Working with
asbestos
10 Smoking 1 pack
cigarettes/day

4
2 ~ | Having 200 chest
g | X-rays per year
1
0.2

*Colors are based on U.S. Environmental Protection

Agency lifetime risk estimates. The National Council
on Radiation Protection has estimated lower risk, but
it still considers radon a serious health concern.

Figure 1-1. Radon risk charts.
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Command

Cajole

Action Guidelines (issued by the US.
Environmental Protection Agency) . -

Red: These levels are very high risks. You sh
act to reduce these levels, preferably within
several months.

Orange: Living in these levels for many years presents
a high risk. You should act within the next few
years to reduce these levels.

Yellow: Living in these levels for many years still has
some risk. You should see if it is feasible to
reduce these levels.

Green: These are low levels and have lower risk.
The average outdoor level is about 0.2
picocuries per liter. The average indoor level
is about 0.8 picocuries per liter.

(o}

Because radon risk is cumulative, it usually is given
as lifetime risk. This risk is based on two factors:

¢ How long you are exposed to your radon level:
Lifetime risk calculations assume an average
“lifetime” of 74 years in a house with a particular
radon level. :

¢ Hours at home each day: Lifetime risk calcu-
lations usually assume you spend about three-
quarters of your time, or 18 hours, at home
each day.

These assumptions will not fit you exactly, but you
should use lifetime risk as a benchmark in making any
decisions.

Should | have additional radon tests?

The monitors still in your home will measure the
average amount of radon in your living area for an
entire year. You will also get a reading for your
basement, where radon levels are likely to be highest.
Even if your risks are in the red or orange areas of the
colored chart, you should have more than one test
before spending any money to fix your home.

Are there any guidelines for radon levels?

Several government agencies and scientific groups have
recommended that actions be taken at various levels.

Radon
: Level
Agency or (picocuries Action
Organization per liter) Guidelines
U.S. Environmental 20 Remedial action,

preferably within
several months

4 Remedial action
within next few years

Protection Agency

National Council on 8 Remedial action
Radiation Protection

Canadian 30 Prompt action
Government 4 Remedial action

What is a lifetime risk?
Because radon risk is cumulative, it usually is given as
lifetime risk. This risk is based on two factors:

* How long you are exposed to your radon level:
Lifetime risk calculations assume an average
‘ifetime” of 74 years in a house with a particular
radon level.

¢ Hours at home each day: Lifetime risk calcu-
lations usually assume you spend about three-
quarters of your time, or 18 hours, at home
each day.

Because every household is different, you may want
to adjust the typical risks to fit your circumstances. For
example, if you had a reading of 10 picocuries per liter
but spend only 9 hours inside your home on a typical

- day, you would multiply your risk from the colored risk

chart on page 4 by one-half or 50. In this case, your
risk would now range from as low as 15 out of 1,000 to
as high as 60 out of 1,000. Your risk would now be in
the beginning of the orange area of the risk chart. If you
think lifetime risks are not appropriate for your situation,
the next page shows a chart with risks for different
exposure periods.

Shouid | have additional radon tests?

The monitors still in your home will measure the average
amount of radon in your living area for an entire year.
You will also get a reading for your basement, where
radon levels are likely to be highest. in any case, it is a
good idea to check the accuracy of a single test by
having more tests before spending any money to fix
your home.

Figure 1-2. Major differences in brochure tone.




Baseline Study

Attitudes and Socioeconomic
Knowledge Perceptions Data
Information
Radon Mitigation
measurements alternatives

:1‘ )
N
&

Risk Communication Alternatives

Tone: Format:
Command/Cajole Quantitative/Qualitative

(]

Potential Delivery Vehicles

Brochure Town Radon
Mailings Meetings Audits

Information Receptors

2,300 Households in NYSERDA Study

Information Evaluation

Changes in Revisions in
Knowledge and Radon Risk R;%ipg;'sizﬁe s
Understanding Perceptions P

Figure 1-3. Overview of radon information study.
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Finally, the sixth block summarizes the effectiveness measures used to
evaluate the alternative information treatments. Our research design consid-
ers four indicators of effectiveness in risk communication:

] Indicator 1: The effectiveness of the brochures in
transferring information about radon to
individuals

. Indicator 2: The effectiveness of the brochures in helping
individuals form perceptions of their radon risks

. Indicator 3: The effectiveness of the brochures in reducing
the demand for information

. Indicator 4: The effectiveness of the brochures in motivating
high-risk households to reduce their radon
levels.

In our Indicator 1 evaluation, we use a “radon quiz” that included a series of
guestions about radon, its risks, measurement, and mitigation. The evaluation
examines how much individuals have learned in each of these areas. Using
various models and a wide range of statistical analyses, Indicator 2 explains
the factors that affect homeowners’ subjective risk perceptions. Indicator 3
evaluates whether alternative communication materials reduce the demand for
more radon information.

In this mid-course evaluation, our overall assessment of effectiveness
consists of two parts. In Part 1, we evaluate the relationship between home-
owners’ subjective risk perceptions and technical risk estimates based on
EPA’s radon risk assessment model. This level attempts to address Russell’'s
concern about whether the right people worry. In Part 2, we address the ques-
tion, “Which brochure was best?” using each of the three indicators of effec-
tiveness.

At this stage, we cannot completely address the fourth indicator of
effectiveness because homeowners would not be expected to take actions on the
basis of a single radon measurement. We have, however, used two hypothetical
guestions to develop a preliminary evaluation of how effectively homeowners
perceive the need to mitigate in response to their 2-month readings.
Ultimately, our design will track households’ actual mitigation activities.

1.4 RESEARCH OBJECTIVES

Seven objectives guide the overall structure of the research. These
objectives are to:

A Inform the participating households about two radon measure-
ments: the short-term measure (2-3 months) and an annual meas-
ure (12 months)

* Evaluate different formats (e.g., quantitative vs. qualitative)

for informing households about their measured radon concentra-
tions, health risks, and possible mitigation actions
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. Examine the factors that influence the households’ subjective
perceptions of risks from radon exposure

. Determine whether participation in the NYSERDA measurement
study has affected homeowners’ willingness to acquire informa-
tion about radon or their perceptions of the risks from radon
exposure

. Evaluate the effectiveness of risk communication as a policy
alternative for managing the risks from radon exposure

. Evaluate the effectiveness of various information treatments on
planned and actual mitigation decisions

. Appraise the effectiveness of alternative vehicles (such as
town meetings vs. printed materials) to deliver information to
homeowners about the risks from radon exposure.

These research objectives are consistent with the needs of information pro-
grams in both EPA and NYSERDA. The sequencing of research tasks relative to
the ongoing activities in the NYSERDA radon measurement project prevents us
from addressing all of these objectives now, but we do address most of them.
We view this report as a summary of the findings to date.

1.5 GUIDE TO THE REPORT

This chapter has provided an overview of radon risk communication issues
and our approach for examining some of them. Chapter 2 describes the details
of the research design that provided the basis for our empirical analysis.
Chapter 3 presents our findings on the Level 1 effectiveness: how much home-
owners have learned about radon and its risks. Chapter 4 uses several behav-
ioral models to describe how subjective risks respond to the radon risk
information alternatives. Chapter 5 examines the demand for more information
about radon and appraises the market potential of alternative vehicles to
deliver radon information. Chapter 6 summarizes our findings to date on the
effectiveness of the risk communication alternatives and highlights future
research issues. Appendixes A through D document details about how the
research design, sampling, and survey were executed.
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CHAPTER 2

COMMUNICATING RADON RISK EFFECTIVELY: RESEARCH
DESIGN AND IMPLEMENTATION

2.1 INTRODUCTION

Radon risk communication involves many complex and often interrelated
issues. Some issues stem from the inherent nature of risk such as how to
express uncertainty, or how to explain health effects that have long latency
periods. Others emanate from the lack of knowledge about what helps people
form accurate perceptions of their risks. Other aspects of the effectiveness
issue involve the format for expressing the risk--e.g., annual or lifetime
risks--or the channel selected to reach the homeowner--e.g., printed media or
personal delivery. Such a diversity of issues increases the importance of
developing a research design to evaluate the effectiveness of risk communica-
tion.

The research design for this study involves an actual risk communication
situation--the New York State Energy Research and Development Authority’'s
(NYSERDA’S) need to inform the homeowners who participated in its radon meas-
urement study. To take full advantage of this unigue opportunity we have
collected data that track radon knowledge, risk perceptions, and ultimately
the behavior for a large panel of participants. To assess whether homeowners
are affected by participating in the measurement study, the design includes a
comparison sample of homeowners from the same New York population but who had
not participated in the NYSERDA study.

The unique circumstances, however, required that our research design fit
within limits that both U.S. Environmental Protection Agency (EPA) and New
York State officials found reasonable. This precluded radically different
presentations of health effects information that might be desirable in an
experimental setting. In addition, both groups had to agree on all recommen-
dations in the brochures. Nevertheless, the design does examine a range of
approaches to communicating radon risk information -- a fact sheet similar to
ones used in various states, four experimental brochures, and EPA’s own
Citizen’s Guide.

To show how the research design was developed and implemented, this chap-
ter describes the range of issues considered, the focus groups used to evalu-
ate draft brochures, the establishment of an advisory panel of communication
experts to review the research design, and the creation of a statistical
design to evaluate effectiveness. Then, it summarizes the survey completions
and refusals and gives a profile of the homeowners who are participating in
the study.
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2.2 DEVELOPING THE RESEARCH DESIGN

For many hazardous or toxic substances, it may be infeasible or prohibi-
tively expensive to regulate the disposal, use, or access to these substances.
Increasingly, policymakers are turning to information programs as alternatives
to direct regulations. But for these programs to be effective, there is a
basic premise that consumers will act rationally. Or, as Viscusi, Magat, and
Huber [1986] stated:

individuals must be able to think systematically about risks
and to make sound decisions about uncertainty. (p. 352)

Unfortunately, the definition of a “sound decision” is unclear. Nor is the
literature clear on how to communicate risk information or what communication
features are likely to affect people’s perceived risks and subsequent deci-
sions.

Tests of the expected utility model, the conventional economic model of
consumer behavior under uncertainty, have found violations of both the basic
assumptions and implied behavioral responses of the individuals involved.
Slovic, Fischhoff, and Lichtenstein [1985] explain these findings by noting
that most lay people are not trained in how to interpret information about
risk. Lay people:

often are misinformed, rely on suboptimal risk-assessment
heuristics, and fail to.understand the limits of their own knowl-
edge. (p. 245)

The literature--from either psychology or economics--has not established
a consensus on the features of an information program that can be expected to
affect how individuals will form their risk perceptions. For example
Viscusi, Magat, and Huber [1986] found that the provision, amount, and format
used to convey the hazard warning information for two consumer products,
bleach and a drain opener, affected the level of precautions people stated
they would undertake. These authors interpret their findings as providing
reasonably strong support for the rational model of consumer behavior in the
presence of risk.

There is, however, an important qualification to this overall support.
Their findings indicate that warnings for the drain opener did not lead to
greater precautionary behavior than did those for bleach, even though the
drain opener represents a more severe health outcome. They propose two possi-
ble explanations for this inconsistent response:

. The bleach labels had greater informational content than those
for the drain opener

. There were differences in the amount of learning about the
respective hazards.
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They suggested that high initial levels of awareness of the risks posed by
inappropriate use of drain openers could explain the lower amount of changes
in precautionary responses to the drain opener labels.

For our research, the Viscusi, Magat, and Huber [1986] results indicate
the need to design the information alternatives so that we can identify how
each one influences effectiveness. Moreover, their work implies the need to
explicitly model how households use and learn from the information.

Similar conclusions follow from other disciplines. A limited review of
other literature (see Payne [1980], Kasperson and Palmlund [1987], Fischhoff,
Slavic, and Lichtenstein [1980] as examples) suggests a variety of similar
conceptual descriptions of how individuals use information, but these descrip-
tions tend to focus on modeling how individuals use information without a
systematic analysis of the content. The information processing approach, for
example, emphasizes individuals’ limited capacity to deal with and process
complex information as an explanation for rules (or heuristics) lay people use
to simplify information and thereby permit a decision. One research strategy
that follows from this observation is a call for experiments that consider how
individuals sequence the processing of information in reaching a decision.

Without a clear consensus on the important features for risk information
materials, we drew upon ideas from several sources to structure our research
design. First, past research on how individuals assess risk has suggested
that the attributes of risk (i.e., voluntariness, dread, extent of knowledge
of the risk, latency period, etc.) are important to individuals’ risk percep-
tions (see Slavic, Fischhoff, and Lichtenstein [1985].) Information alterna-
tives that would describe radon’s risk in terms of these risk attributes are
included as a potential part of the research design. Second, general informa-
tion on the importance of cognitive factors in the design of product warnings
(Kanouse and Hayes-Roth [1980]) suggests that the length and tone of a message
can affect how people interpret risk information. Finally; the organization
of the information (i.e., hierarchical versus syllogistic) has been suggested
as a potential influence to risk communication. Magat, Payne, and Brucato
[1986] found that the format used to convey information associated with a home
energy audit affects people’s responses to the program. Although not directly
related to radon risk information, their study provides strong evidence on the
effects of information format.

Considering both the risk attribute and the risk presentation issues--
length, tone, and format--as the basis for a research design leads to an
exceptionally large and unrealistic number of experimental combinations.
Consequently, we had to reduce the scope of the potential design for the risk
information treatments. We undertook three activities to narrow the range of
features considered in the final research design:

- Obtained ideas from a Radon Risk Communication Advisory Panel
that EPA formed to provide expert advice on risk communication
issues



. Acquired reviews from individuals who are knowledgeable about
lay persons’ risk assessment and decisionmaking

. Conducted a series of focus groups to evaluate individuals’
responses to different information brochures.*

As shown in Table 2-1, the communication experts who served on the
Advisory Panel came from a variety of backgrounds. This group played an
important role in the decision process. Before meeting with the research
team, the panel members reviewed a memo that highlighted the various design
issues and a preliminary draft of a radon risk information brochure. During
the review session in June 1986, the Advisory Panel considered the full range
of issues but emphasized the need to narrow the research focus to a more
manageable level. The Panel members generally agreed that an information
brochure should be relatively short, be personal, and include color.

Two design features emerged as important: comparing quantitative and
gualitative formats for presenting risk information and varying the tone of
the brochures. Panel members disagreed about which feature would be more
effective. For example, several argued that people have difficulty processing
numerical information. They predicted that the brochures with the qualitative
formats would be more effective. Others took the opposite position. They
also disagreed about which tone would be best. Several felt that the bro-
chures needed a forceful “command” tone, while others argued that the better
brochures would have a more persuasive, or “cajoling,” tone that encouraged
personal evaluation. These features ultimately became the main features of
the design as shown in Figures 1-1 and 1-2.

Table 2-1 lists other risk communication experts we consulted. They
critiqued the design of the information treatments, the overall research
design, as well as the questionnaire used in the followup survey. Equally
important, staff from EPA, NYSERDA, and the New York State Department of
Health provided comments on the brochures and the research design.

The third element in developing our designh consisted of two focus groups
conducted in the Clinton, New Jersey, area.T The focus group sessions

*Our description implies a somewhat more systematic approach to structure
the design than was possible. Partial funding for some of these research
activities was obtained for related projects with distinct objectives. Yet
there was sufficient complementarity to indirectly contribute to the objec-
tives of this project. For example, focus groups were conducted in Wilkes-
Barre with the primary objective of evaluating the EPA Citizen's Guide to
Radon. The insights derived from this process were used in designing the
experimental information brochures.

TEPA’s Region Il office helped arrange the session with the assistance of
the N.J. Radiation Protection Bureau. They recommended Clinton because
homeowners in the area had experienced some relatively high readings.

Earlier, EPA had conducted four focus groups at two locations in Pennsylvania
(Wilkes-Barre and Reading) to help evaluate drafts of EPA’'s Citizen's Guide
(see Desvousges and Kollander [1986]).
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TABLE 2-1. ACTIVITIES INVOLVING PSYCHOLOGISTS, COMMUNICATION SPECIALISTS,
DECISION SCIENTISTS, AND MARKET RESEARCHERS IN VANDERBILT-RTI
COOPERATIVE AGREEMENT

Activity

Participants

Area of
specialization

Affiliation

Review research design
and draft information

materials

Review followup survey
design and participate
in planning for Phase II

A. Bisconti*
J. Cox

B. Fischhoff
J. Huber

A. Kover*

H. Kunreuther
E. Rifkin*

I. Rimer*

P. Sandman*
E. Shepard
M. Small

P. Slocum

P. Slavic

T. Wallsten

N. Weinstein*
J. Cox

B. Fischhoff
J. Huber

H. Kunreuther

T. Wallsten

Communication
Psychologist
Psychologist
Market Researcher
Market Researcher
Decision Analyst
Communication
Communication
Communication
Communication
Communication
Communication
Psychologist
Psychologist
Psychologist
Psychologist
Psychologist
Market Researcher

Decision Analyst

Psychologist

Committee for
Energy Awareness
University of
North Carolina/RTI
Decision Research
Duke University
Cunningham and
Walsh
University of
Pennsylvania
Rifkin and
Associates
American Cancer
Society
Rutgers University
NYSERDA
Carnegie Mellon
University
New York State
Department
of Health
Decision Research
University of
North Carolina
Rutgers University

University of

North Carolina/RTI
Decision Research
Duke University
University of

Pennsylvania

University of
North Carolina

*Advisory panel.

2-5




involved two small groups of homeowners from the Clinton area. Before the
sessions, we mailed each homeowner an introductory letter that explained the
purpose of the session, two different brochure drafts, and an evaluation sheet
for them to critically rate each brochure. An experienced moderator led each
2-hour session (Desvousges and Cox [1986]). During the sessions, the home-
owners discussed their experiences with radon, their overall concerns about
radon, and their reactions to the brochures. The participants’ evaluation of
the draft of the brochures they received was favorable, but they made many
useful suggestions for improving them. They suggested that the brochures
needed more examples, better titles, and minor organizational changes. Most
participants felt that there was enough material on risk, but they were par-
ticularly concerned about the lack of available information on mitigation.

All three activities contributed to the final design. They contributed
insights into the attributes of the presentation of risk information that are
reflected in the brochures, as well as in the overall project activities. The
Panel helped target the design, the other experts helped implement the design,
and the focus groups provided insights from people very much like the home-
owners participating in our study.

2.3 RESEARCH DESIGN

The final design for the radon risk information treatments addresses two
main risk communication issues: the use of qualitative-versus-quantitative
information to explain risk and the use of command-versus-cajole tone to
describe the need for further actions about radon. The quantitative-versus-
gualitative feature of the design is straightforward: Does numerical risk
information help people to form risk perceptions and make subsequent deci-
sions? Although more difficult to characterize, the command-versus-cajole
feature distinguishes between information presented in a directive-versus-
evaluative format. The cajole tone encourages individuals to use the informa-
tion to form an independent judgment about their personal risk, based on their
own circumstances and to determine whether further actions are needed. In
contrast, the directive approach, designated here as the command tone, empha-
sizes an expert's (i.e., EPA’'s) evaluation of what is the appropriate level
for action. The role of expert opinion here is analogous to the role physi-
cians or lawyers play in advising an individual on appropriate actions.

We paired each variation of these two design features -- command/quantita-
tive, command/qualitative, cajole/qualitative, and cajole/quantitative -- to
design four distinct information brochures. The distinctions primarily
involve the presentation of the risk information. As shown in Figure 1-1, the
difference between the quantitative and the qualitative versions appeared in
the risk chart and its accompanying explanation. For consistency, both the
gualitative and quantitative versions linked radon concentrations to activi-
ties with comparable lifetime risks and used colors to distinguish between low
increments (green) to lifetime risk versus high increments (red). The quanti-
tative version presented the range of numerical values for the lifetime risk
estimates at each radon level. The text of these versions provided an example
of how to interpret these ranges. An analogous text was used to describe how
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to interpret the chart for the qualitative versions. The cajole/quantitative
version included estimates of the risk for several exposure times. This
information was intended as part of the evaluative tone to assist homeowners
in adapting the numerical risk estimates to their own circumstances.

Figure 1-2 in the previous chapter illustrates the differences in the
command-versus-cajole tone. For example by presenting only the EPA Action
Guidelines for various radon concentrations, the command variant sought to
provide a directive tone while the cajole included three sets of guidelines --
the National Council on Radiation Protection, the Canadian government, and the
EPA Guidelines -- to emphasize the need for judgments about the guidelines.
Other subtle differences in tone also were maintained throughout the bro-
chures. For example, the cajole versions highlight how differences in a
household’s exposure would influence increments to lifetime risk. While more
dramatic distinctions may have been desirable from a scientific perspective,
they were not feasible within the confines of a behavioral experiment that
involved real decisions and actual governmental policy positions. Moreover,
the preliminary results indicate that the distinctions used were sufficient to
induce measurable differences in households’ responses in learning and risk
perception.

With one significant exception, the brochures distinguished by the
command-cajole attribute provided the same amount of information. The excep-
tion involved information on adjustments to the lifetime risk measures. The
cajole versions contained additional information that made it easier for the
homeowners to adjust their risk, if they decided to do so. For example, the
cajole/quantitative version provided a table with numerical ranges of radon
risks for 1-year, 10-year, and lifetime exposure periods. The cajole/qualita-
tive version uses three colored columns to communicate the same idea. We did
not include this information in the command versions because it was inconsis-
tent with the intent of the command tone’s overall communication message.

To the extent possible, we structured the brochures to maintain distinc-
tion in the format (quantitative-versus-qualitative) and the tone (command-
versus-cajole) without markedly altering the level of difficulty in the mate-
rial. To evaluate the level of reading difficulty for each brochure variant,
Table 2-2 shows the results for several standard readability indexes. Based
on word and sentence length, the four indexes ranged from 8th to 11th grade
reading levels. The most common readability guide is the Flesch [1948] scale.
It is presented in the fourth column of the table. The results indicate that
the brochures vary only slightly around the 11th grade level of overall reada-
bility. This may overstate their difficulty because of the way the Flesch
scale includes technical information on concepts such as risk (see Cherry and
Vesterman [1980]). More extensive diagnostic analyses indicated that the
brochures have relatively little passive voice and use a minimum of compli-
cated terms.

The last phase of reviews was extensive and occurred over several months.

These reviews included New York State officials and EPA staff from several
offices. They focused on the health effects information, the information on
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TABLE 2-2. READABILITY GRADE LEVELS

Levels
Version Kincaid Auto Coleman Liau Flesch
Command/quantitative 8.9 7.5 9.7 10.9
Cajole/quantitative 9.2 7.7 9.7 111
Command/qualitative 8.9 7.5 9.7 10.9
Cajole/qualitative 9.1 7.6 9.8 11.2




the lifetime risks from radon, and the uncertainties associated with each.
The resulting concensus led to the final project-designed brochures (labeled
as the NYSERDA versions) that are contained in the pocket on the back cover.

In addition to these brochures, our design includes two other information
treatments: the EPA Citizen's Guide to Radon (or Citizen's Guide) and a fact
sheet. The Citizen's Guide is EPA’s standard radon brochure that covers both
the decision to test and how to interpret results. It was not changed in any
way for this research. The fact sheet is similar to one NYSERDA had used
earlier in communications with households participating in a radon mitigation
study. The fact sheet has some general background information and describes
risk with the following two paragraphs:

Recently, the U.S. Environmental Protection Agency has recom-
mended that homeowners within a range of annual average exposure to
radon byproducts that is roughly equivalent to a radon concentration
range of 4 to 20 picocuries per liter inside their home should act
within the next few years to reduce their exposure. For homes with
more than 20 picocuries per liter of radon, EPA recommends actions
be taken sooner, preferably within several months. The National
Council on Radiation Protection and Measurements has recommended
that remedial action is advisable if annual average exposure to
radon byproducts exceeds a value roughly equivalent to a radon con-
centration of 8 picocuries per liter.

The measurement collected in your home should not be directly
compared to the above guidelines for several reasons: it shows a
two-month reading, not an annual concentration; and, since the read-
ing is for a specific location in your home, it does not indicate
the exposure level of individuals living in the home.

Thus, the basic research design considered six different information
treatments: the four designed to evaluate format and tone effects; EPA’s
Citizen's Guide, and the fact sheet. The overall design isolates features
hypothesized to be important in risk communication, along with communication
materials now being used. It excludes materials that were known in advance to
be inadequate. Even the fact sheet received approval from the relevant State
Agencies. There was no evidence to suggest that the fact sheet would perform
better or worse than the brochures.

2.4 EXPERIMENTAL DESIGN

The NYSERDA radon measurement study provided a unique opportunity to
evaluate the effectiveness of risk communication because it involved a random
sample of New York homeowners facing actual decisions about their radon risks
and what, if anything, to do about them. Figure 2-1 illustrates the sequence
of events associated with our research design activities. Our schedule was
partly dictated by the objectives and activities in the measurement study.
Because the readings will vary by season, the radon measurement study called
for multiple measurements for each home, which varied in the length of the
exposure time as well as the location in the house. It included two exposure
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MONITORED SAMPLE

Time Scale >
October April May-June  December 1988- December 1986- May July August”®
1985 1986 1986 January 1987 January 1987 1987 1987 1987
Place Retum Conduct Send 2-month Conduct Return Send readings Conduct
monitors 2-month baseline readings and followup 12-month  and information second
monitors interview information interview monitors treatment followup
treatment interview
COMPARISON SAMPLE
May-July December 1986- August*®
1986 January 1987 1987
Conduct Conduct Conduct
baseline followup second
interview interview foliowup
interview

*Dates conlingent upon tliming of availability of
computer readable file with annual radon readings.

Figure 2-1. Time sequence of activities.
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time periods: 2 months and 12 months with the 2-month reading for the winter
months and the 12 month readings to yield an annual average.*

Our design includes multiple interviews of each household to construct a
time profile of their responses. The first interview constituted a baseline
survey, because it was conducted before the households received any informa-
tion on their radon readings or how to interpret them. As noted earlier, this
survey collected information on their knowledge of radon, radon risk percep-
tions, planned or actual modifications to their homes, and socioeconomic char-
acteristics.

After the 2-month radon monitors were returned and analyzed, we mailed
one of the information treatments together with the radon reading for that
home. We then conducted a second interview after they had received and read
these materials. (We describe the details of these activities in more detail
below.) Similar activities and contacts are planned after the annual readings
are available. The materials generally advise homeowners not to undertake
mitigation on the basis of only one reading. Therefore, we expect that actual
mitigation or averting actions would be limited until this later stage.
Except for those households with extremely high short-term readings, the pru-
dent response to a radon level indicating some health risk is further measure-
ment to confirm the initial readings.

Households participating in the NYSERDA measurement study will be
referred to as the monitored sample. Their participation in the program could
influence their responses to information and their willingness to acquire
information. Their decision to participate also may reflect a different atti-
tude toward risk than would be held by a nonparticipant. Our research design
allows for these possibilities by including a separate sample of households,
designated the comparison sample. Using the same sampling criteria that
selected the monitored sample, we randomly chose this group of homeowners from
people not participating in the measurement study. As of the time of the
followup survey, none of the comparison group has tested their homes for
radon. We have conducted two interviews with this group in the same time-
frames as the interviews with the monitored sample. This allows us to compare
their monitored sample’s knowledge of radon, risk perceptions, and socioeco-
nomic characteristics with a sample of individuals drawn under the same cri-
teria but free of any potential influence caused by the monitoring program.
No information treatments were sent to this group.

Later stages of the research project will address alternative vehicles
for delivering radon information. Figure 2-2 shows some options that are
being considered. These vehicles are likely to be more effective after the
homeowners receive their annual readings and begin to plan their mitigation
actions.

*The short-term monitors remained in the homes between 2 and 3 months
depending on the exact dates they were returned by the households. For con-
venience, we refer to all of them as the 2-month readings. The actual read-
ings are averaged for the time involved in each case.
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Delivery Preliminary
Vehicles Design

Applied randomly o one-half

Telephone of the households above
Reinforcement 4 picocuries per liter
Several meetings.
Town Applied to areas where
Meetings - meetings are feasible.

Applied in limited areas for
_Radon, random sample above
Diagnostician 4 picocuries per fiter

Figure 2-2. Experimental design alternative information delivery vehicles.
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To evaluate the effectiveness of information describing the risks associ-
ated with radon, we randomly assigned one of the six information treatments to
each household. Because our research involves households facing real risks,
we altered the design to send the fact sheet only to households with measured
radon concentrations below 1 picocurie per liter.

The focus group f'indings suggested that households with higher radon
levels wanted more information on mitigation than could be provided in a
reasonably short brochure on radon risks. Consequently, households with
readings of 1 picocurie per liter or more were sent the EPA mitigation
brochure, Radon Reduction Methods: A Homeowner's Guide, along with one of the
five brochures.

These considerations required that the sample be divided on the basis of
the radon reading before the information treatments were randomly assigned.
Figure 2-3 defines the design points from the assignment. Households whose
dwellings had 2-month radon readings below 1 picocurie were randomly assigned
to one of the six design points in the first row of the table, while those
with readings 1 picocurie or more were randomly assigned to one of the five
cells in the second row. The first number in each box indicates the number of
homeowners assigned to a treatment, and the second (shown in parentheses)
shows the number of completed interviews for both the baseline and the follow-
up surveys.

Appendix A highlights how the radon measurements were included in the
overall research design. Appendix B summarizes the statistical tests to
ensure that the random assignment was independent of a homeowner’s character-
istics, especially perceived risks, knowledge, awareness of radon, and radon
readings. Because there were relatively small percentages of homeowners with
high or very high readings, we did not stratify the design by radon reading.

2.5 MEASURING THE EFFECTIVENESS OF A RISK INFORMATION PROGRAM

Our analysis considers three questions in judging the effectiveness of an
information program as a policy instrument:

. Did the target individuals learn anything more about the source
or processes responsible for the risk?

. Did they use the information to form new perceptions of their
risks?
. Did they change their behavior in response to the information?

The first question simply evaluates whether the program successfully trans-
ferred information on the sources of the risks of interest. The second ques-
tion assumes that the formulation of a reasonably accurate risk perception is
a prerequisite to appropriate behavioral action. Using conventional economic
criteria, the third requires that effectiveness be associated with tangible
actions that involve changes in resource allocation decisions in response to
the information.

2-13



Information Treatments

Below 1 NYSERDA NYSERDA NYSERDA NYSERDA NYSERDA EPA
picocurie Fact Brochure 1: Brochure 2: Brochure 3: Brochure 4: Citizen's
per liter shest Command Cajole Cajols Command Guide
645 Quantitative Quantitative Qualitative Qualitative 129
(587) 129 129 129 128 (121)
(120) (120) (116) (119)
Above 1 NYSERDA NYSERDA NYSERDA NYSERDA EPA
picocurie Brochure 1: Brochure 2: Brochure 3: Brochure 4: Citizen's
per liter Command Cajole Cajole Command Guide
Quantitative Quantitative Qualitative Qualitative 201
201 202 202 202 (166)
(189) (182) (189) (178)

Note: The number of completed interviews is shown in parentheses.

Figure 2-3. Radon risk information-experimental design.
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Our effectiveness evaluation implies that the transfer, learning, and
updating of risk perceptions should be a central part of the process leading
to the final outcome that Viscusi, Magat, and Huber [1986] used as their over-
all criterion -- a sound judgment. Addressing this aspect of effectiveness
requires logically structuring the processes through which we can observe and
evaluate people’s decisions.

We see no reason why an evaluation of effectiveness based on risk percep-
tions should be viewed as one of the “handy-dandy measuring tools” (offered by
consultants) Kasperson warns against. (See Kasperson and Palmlund [1987].)
There is growing evidence that these perceptions can be measured in meaningful
ways. (See Smith and Johnson [forthcoming] and Desvousges et al [1987].)

In this research, we are interested in whether the information treatments
affect the mitigating actions people undertake. Once the third question is
answered, we can evaluate whether the behavioral changes were sound by esti-
mating the implied incremental values for the risk changes. However, there is
growing evidence that the attributes of a risk affect how individuals respond
to any policy. One important implication of these differences in responses is
the expectation that there should be differences in value of the risk changes
when risks (or the events at risk) have different characteristics. For exam-
ple, people are likely to value a given reduction in a voluntary risk differ-
ently from the same reduction in an involuntary risk. Thus any implicit val-
ues of statistical lives saved that could ultimately come from our effective-
ness evaluation will reflect the character of radon risks. To the extent
different information treatments led individuals to perceive risks differently

(i.e., not only the level of risk but also its attributes), then we would
expect differences in mitigation responses across the information treatments.

Evaluating the effectiveness of a risk information program involves sub-
tle considerations. For example, one method to evaluate effectiveness com-
pares personal risk assessments made after receiving the information with the
technical risk assessments for the same individuals. Ideally, we would like
people to make decisions that reflect the proper amount of precautionary
behavior. Unfortunately, the definition of “proper” for policy purposes is
not necessarily clearcut. Efficient precautionary behavior can be defined,
but this may not be the exclusive criterion used in designing risk policies.

Alternatively, effectiveness could consider whether individuals have
access to the best possible technical information. It is in this context that
we propose to compare the reported subjective assessments of radon’s risks
with a technical risk estimate for each individual. But, both measures are
estimates. Individuals assess their subjective risks, while "the experts”
estimate the technical risks for different types of individuals under speci-
fied conditions. Given the limitations of both types of risk assessments,
neither is the “true” risk an individual actually faces.

This report considers only the first two forms of effectiveness. As
noted earlier, it is too early in the research project to observe mitigation
behavior. We need information on these responses before we can evaluate
whether specific information programs induce different behavioral responses to
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radon risks. After the annual radon readings are sent to the households and
sufficient time elapses for the homeowners to make their decisions about their
risks from radon exposure, we intend to collect and analyze these data.

2.6 SURVEY SAMPLING
The two samples of homeowners from New York State are:

. 2,300 homeowners who are participating in a NYSERDA study that
measures radon levels throughout the State (monitored group)

. 252 homeowners in New York State who were not in the NYSERDA
monitoring study (comparison group).

Using standard sampling techniques, both samples were drawn randomly from a
listing of all New York State telephone numbers. A screening procedure
selected eligible homeowners. The target population consists of homeowners
who live year-round in single-unit homes and who do not plan to move for 12
months.

The radon measurement study design also developed strata or subgroups to
improve the precision of the statistical estimation of radon levels and to
identify potential target areas for further study. These strata correspond to
different geologic formations in the State of New York:

. Binghamton. This area is of special interest because high
levels of radon have been observed in water.

. Undeformed Sediments. Relatively undeformed Paleozoic sedi-
ments dominate central and southern New York, from Albany to
Buffalo, and south to Binghamton. NYSERDA data indicate that
some high radon concentrations have been found in this region.

. Metamorphic Rock. The Adirondack metamorphic/igneous rocks are
analogous to those associated with high radon concentrations in
water in Maine.

. Deformed Sediments and Rock. East of Albany, and extending
down to New York City, there is a belt of complex deformed,
orogenic sediments and metamorphic rocks, which is considered a
discrete geological region.

. Staten Island. Staten Island is in part underlain by Triassic
sediments similar to those associated with unusually high con-
centrations of radon in the Princeton, New Jersey, area.

. Long Island. Much of Long Island is underlain by glacial sedi-
ments, so radon levels should be low.

. New York City. This is not a separate geological region, but
the size of the city warrants its individual consideration.
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Table 2-3 shows average radon readings for the seven geographical strata. The
readings are highest in the Binghamton formation with an arithmetic mean of over
3 picocuries per liter. The radon readings in this stratum ranged from .09 pico-
curies per liter to 39.8 picocuries per liter with a median of 1.31. Undeformed
sediments and deformed sediments strata had the next highest mean radon readings.
Readings in New York City, Long Island, and Staten Island are low with mean
values of less than 1 picocurie per liter of radon. For a more detailed descrip-
tion of the sampling process and the sample strata, see Appendix C.

2.7 SURVEY DATA COLLECTION

To collect the data for implementing the experimental design, we have
conducted four telephone surveys:

. Baseline survey of homeowners in NYSERDA measurement study (moni-
tored group) initiated in May 1986 and completed in June 1986.

. Baseline survey of homeowners not participating in the study
(comparison group) initiated in June 1986 and completed in July
1986.

. Followup survey of monitored group in December 1986 and January
1987.

d Followup survey of comparison group in December 1986 and January
1987.

Appendix D contains the survey questionnaires. Tables 2-4 and 2-5 indicate
that the data collection efforts have been very effective. For the monitored
group, the baseline and followup surveys achieved completion rates of 97 per-
cent and 91 percent. For the comparison group, the initial random digit dial-
ing survey yielded a 50 percent completion rate in reaching the desired
(approximately) 250 interviews. Seventy percent of this comparison group
completed the followup survey. Experienced professional interviewers, who
received extensive training for both sets of surveys, conducted the interviews
from Research Triangle Institute’'s (RTI's) Telephone Survey Center.

2.8 HOMEOWNER PROFILE

The average homeowner in our New York sample is a white female in her
mid-forties who has had some college education, has lived in her present home
for approximately 15 years, and has an annual before-tax family income of
approximately $30,000. Several of the means -- the monitored and comparison
samples -- show differences that are statistically significant. However, the
numerical magnitudes of the differences are so small that they are unlikely to
affect any subsequent statistical comparisons of the groups. Indeed, the
differences are largely explained by the disparity in sample sizes. The same
tests for the respondents who completed the followup interviews show only the
difference in ages has remained statistically significant: Tests for differ-
ences between the baseline and followup samples in Table 2-6 indicated that
attrition has not affected the characteristics of our panel.
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TABLE 2-3. WEIGHTED SUMMARY STATISTICS (pCi/L) FOR THE NEW YORK STATE

RADON STUDY, OVERALL AND BY GEOGRAPHIC STRATA

_ _ Arithmetic . Geometric
Arithmetic | standard Geometric | standard _ 90th

mean error mean error® Median percentile Range
State 1.39 0.05 0.88 1.03 0.86 2.51 0.06 - 39.8
Binghamton 3.34° 0.30 1.60° 1.08 1.31 8.81 0.09 - 39.8
Undeformed 1.58 0.10 0.95 1.04 0.95 3.21 0.07 - 284
sediments
Metamorphic 1.09 0.08 0.74 1.05 0.81 1.86 0.06 - 21.6
sediments
Deformed 1.82 0.18 111 1.07 1.06 3.42 0.08 - 20.9
sediments
and rock
Staten Island 0.75 0.06 0.63 1.09 0.63 1.22 0.19- 2.4
Long Island 0.87 0.04 0.69 1.05 0.73 1.75 0.07- 3.4
New York City 0.81 0.08 0.63 1.13 0.78 1.46 0.08- 2.4

a
b

IExp(s) where s is the standard error of the weighted mean of LN(x).
+Arithmetic means significantly different among seven geographic strata.

(Geometric means significantly different among seven’geograhic strata.
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TABLE 2-4. BASELINE AND FOLLOWUP SURVEYS - FREQUENCIES AND RELATIVE FREQUENCIES
OF FINAL INTERVIEW RESULTS FOR NYSERDA HOMEOWNERS

Baseline survey

Followup survey

Relative Relative
Survey result Frequency frequency Frequency frequency
Completed interview 2,231 0.970 2,087 0.907
Partial data 6 0.003
Unable to contact 38 0.017 30 0.013
Number out of order 3 0.001 139 0.060
or other mechanical problems
Dropped out of panel 12 0.005 12 0.005
Final interview refusal 11 0.005 26 0.011
Other 5 0.002
Total surveys 2,300 1,0000 2,300 1,0000

TABLE 2-5. COMPARISON GROUP HOMEOWNERS: FINAL INTERVIEW STATUS
BASELINE AND FOLLOWUP

Baseline survey®

Followup survey

Status surveys Frequency Percent Frequency Percent
Completed interview 252 49.9 182 72.2
Partial data 1 <1 1 <1

Unable to contact 38 7.6 39 15.4
Final interview refusal 214 42.5 30 11.9
Total 505 100.0° 252 100.0

®To reach these respondents we contacted 882 ineligible households, 1,499 numbers that were out or order, and

794 unable to complete because of reaching answering machines, or other connection irregularities.

Does not add to 100 due to rounding.
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TABLE 2-6. SOCIOECONOMIC CHARACTERISTICS OF SURVEY SAMPLES

Monitored Comparison
Variable Baseline Followup Both Baseline Followup Both
Age
Mean 47.2 47.3 47.3 44.1* 45.1* 45.1
Median 46.0 46.0 46.0 43.0 44.0 44.0
S.D. 14.4 14.2 14.2 15.6 15.4 15.4
Education
Mean 13.4 13.4 13.4 13.3 13.5 13.5
Median 12.0 12.0 12.0 12.0 12.0 12.0
S.D. 2.4 2.4 2.4 2.3 2.5 2.5
Income
Mean 31,440 31,567 31,567 32,106 32,854 32,654
Median 30,000 30,000 30,000 30,000 30,000 30,000
S.D. 16,237 16,246 16,246 13,266 15,713 15,173
Years lived at
this address
Mean 15.2 15.2 15.2 14.3 15.0 15.0
Median 12.0 13.0 13.0 10.0 10.0 10.0
S.D. 12.2 12.0 12.0 12.1 12.3 12.3
Race?
Mean 1.05 1.05 1.05 1.09* 1.07 1.07
Median 1.00 1.00 1.00 1.00 1.00 1.00
S.D. 0.31 0.29 0.29 0.36 0.35 0.35
Sexb
Mean 1.56 1.56 1.56 1.66* 1.63 1.63
Median 2.00 2.00 2.00 2.00 2.00 2.00
S.D. 0.49 0.49 0.49 0.46 0.46 0.46

® Race is defined as follows:

1 = Caucasian
2 = Black
3 = Hispanic

4 = Asian or Pacific Islander
5 = Native American Indian

® Sex is defined as follows:

1=male
2 = female

*Indicates a statistically significant difference in means
between the monitored sample and comparison sample.
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2.9 IMPLICATIONS

The research design is unique in that it provides an opportunity to moni-
tor and track 2,300 households as they change their perceptions of the risk
posed by exposure to radon and ultimately decide whether mitigation actions
are needed. The comparison sample of homeowners strengthens the ability of
the study to evaluate information programs as distinct from the effects of the
monitoring program.

To take advantage of this opportunity, we structured a design that allows
differences in the effects of various information treatments to be evaluated
by considering learning, risk perceptions, and mitigating behavior. These
treatments include specifically designed brochures to evaluate whether people
use numerical risk information to form their risk perceptions and whether a
directive tone leads to better assessments of personal risks. The design also
considers possible interdependencies among these risk-communication issues.
Also included in the design are the EPA Citizen’'s Guide and a fact sheet.

This design permits specific attributes of a risk communication program to be
evaluated in statistical terms.

To study people’s behavior under actual circumstances, the research
design had to meet certain constraints. All subjects were treated equally and
there were no extreme variations in substance or tone. Because provision of
information is both a component of the research and a risk information policy
action, the design was structured to correspond to the actual policy positions
of EPA and the New York State Agencies. While these are important qualifica-
tions, the design does include sufficient variation to address several impor-
tant risk communication issues and to provide an evaluation of the effective-
ness of such communications in reducing risks from radon exposure.
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CHAPTER 3

INFORMATION AND LEARNING

3.1 INTRODUCTION

This chapter considers how the New York homeowners used the information
materials to learn about radon. In the process we examine the influence of
household characteristics and the features of the information materials on
that learning. Our analysis is based on two radon quizzes that were adminis-
tered in the baseline interview and followup interviews. The followup quiz
included four questions from the baseline interview that many respondents had
trouble answering. The two new questions asked about key concepts that were
emphasized in the information materials. The repeat performance analysis
allows us to evaluate the effects of the information materials on learning.
Results from the comparison sample provide additional perspective on learning
that may take place independent of the information materials.

The learning analysis addresses two important aspects of risk communica-
tion effectiveness. First, the patterns of responses can tell us what people
know, and don’'t know, about various aspects of radon, and whether the
brochures changed that knowledge. Second, the learning patterns can yield
insights for understanding the risk perception issues that are considered in
the next chapter. Our intuition suggests that systematically linking models
of learning and risk perception would contribute to an evaluation of the
effectiveness of the brochures in communicating risk. Such linkages, however,
remain on the list of future research activities.

3.2 RADON INFORMATION AND AGGREGATE LEARNING

One dimension of the effectiveness of an information program as a policy
instrument is whether it successfully transfers new information to the target
audience. The homeowners’ performance on the radon quizzes provides our pri-
mary basis for evaluating the information transfer. Because there was a short
time between interviews, and the followup interview had to consider many
issues, we could not repeat all the radon quiz questions. To assess learning,
we selected questions from the baseline quiz that had a high percentage of
incorrect answers but pertained to radon risk and mitigation. We added two
new questions that addressed key risk issues, such as the difference between
lifetime and annual risks from radon exposure and the potential for symptoms
from radon exposure. Table 3-1 provides the text of the questions used in the
radon quizzes for the baseline and followup surveys. Those identified with an
asterisk correspond to the repeated questions. We administered the quiz to
both the monitored and comparison sample. Because of time limitations, our
analysis primarily considers the monitored sample.
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TABLE 3-1. RADON QUIZ QUESTIONS

Questiog
number

Text of question

Correct
answer

A. Baseline Survey

1

*3

*6

7

*10

1

12

Is radon a

a. Colorless, odorless gas

b. Or a chemical given off by radar equipment
c. Don't know

Is radon caused by

a. Industrial pollution

b. Or the natural breakdown of uranium
c. Don't know

Are high levels of radon likely to cause
a. Minor skin problems

b. Or lung cancer

c. Don't know

Does the amount of radon in a building depend mainly on the

a. Type of machines or appliances in it
b. Or the amount of radon in the underlying soil
c. Don't know

Do the risks from radon exposure

a. Increase the longer you are exposed

b. Or stay the same no matter how long you are exposed
c. Don't know

When radon is measured in a building, the level will
a. Depend on the time of year it is measured

b. Not depend on the time of year it is measured

c. Don’t know

Are radon levels usually higher in the
a. Basement or lowest floor

b. Or the highest floor

c. Don't know

Will people’s risk from radon exposure
a. Increase if they smoke

b. Or stay about the same if they smoke
c. Don't know

Can the level of radon in a home or building be reduced by
a. Increasing the amount of air ventilation

b. Or by adding attic insulation

c. Don't know

Are household appliances such as furnaces or clothes dryers likely to
a. Increase the amount of radon by lowering inside air pressure

b. Or decrease the amount of radon by venting'it outside
c. Don't know

Would the effectiveness of ways to reduce radon in homes or buildings

a. Be the same for all housing or building types
b. Or depend on the features of each home or building
c. Don't know

Will drawing radon away from the home or building before it enters
a. Usually involve several thousand dollars and an experienced contractor

b. Or depend on the features of each home or building
c. Don't know

b

aThe question numbers indicate the position of the questions on each survey. With the baseline survey they were presented
first to prevent respondents’ answers to other questions affecting their performance on the radon quiz. In the followup survey,
the questions were at the end of the interview to attempt to limit the information that would be lost by homeowners refusing to

repeat the quiz.
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TABLE 3-1. RADON QUIZ QUESTIONS (con.)

Question . correct
number@ Text of question answer
b
a. Followup Survey

31 (3) Are high levels of radon likely to cause

a. Minor skin problems

b. Or lung cancer

c. Don't know b
32 High levels of radon exposure

a. Will irritate the throat and eyes

b. Or will not irritate the throat and eyes

c. Don't know b
33(6) When radon is measured indoors, the level

a. Will depend on whether the house is closed up

b. Or will not depend on whether the house is closed up

c. Don't know a
34 (7) Are radon levels usually higher

a. In the basement or lowest floor

b. Or on the highest floor

c. Don't know a
36 Are people’s risk from one year of radon exposure

a. Much lower than their risk from a lifetime exposure

b. Or about the same as their risk from a lifetime exposure

c. Don't know a
36 (10) Are household appliances such as furnaces or clothes dryers likely to

a. Increase the amount of radon by lowering inside air pressure

b. Or decrease the amount of radon by venting it outside

c. Don't know a

3The question numbers indicate the position of the questions on each survey. With the baseline survey they were presented
first to prevent respondents’ answers to other questions affecting their Tpen‘ormance on the radon quiz. In the followup survey,
0

the questions were at the end of the interview to attempt to limit the in

e
[’The number in parentheses are the questions considered to be equivalent from the baseline survey.

peat the quiz.

rmation that would be lost by homeowners refusing to



Table 3-2 summarizes the test results for the monitored and the compari-
son samples for three sets of questions grouped according to the type of
information requested by the questions -- risk measurement, and mitigation.

The NYSERDA monitored sample results are summarized in two ways -- for the sam-
ple as a whole and also with the sample grouped according to the information
treatments they received. The rows in the table correspond to the percentage
of correct answers for groups of homeowners included in the design. Per-
centages are given for both the baseline and followup survey responses. The
columns labeled Z are the standard normal statistic for testing whether or not
the proportions are equal. (The critical value is 1.645 for a one-tailed test
at the 0.05 level of significance.)

The mitigation column reports the percentage of correct answers for only
one of the mitigation questions -- the one that was repeated in the two surveys.
This contrasts with our treatment of the general risk and measurement cate-
gories where the percentages relate to all the questions classified in each
category for each survey, even when the questions were not the same.

We have focused primarily on the risk and measurement issues because they
are more pertinent to this phase of our research. More emphasis will be given
to mitigation in the followup of the annual readings when homeowners will have
two more readings upon which to base a mitigation decision.

Several interesting findings emerge from the overall test results includ-
ing:

. Comparing the baseline (B) and followup (F) columns, the
NYSERDA sample showed significant increases in learning on all
three groups of questions. They answered 91 percent of the
measurement questions correctly in the followup survey and 63
percent of the risk questions. Using the repeated mitigation
guestion, the percentage of homeowners answering correctly
increased from 14 to 38 percent.

. The homeowners who received the fact sheet did not demonstrate
any improvement on the risk questions in the followup survey.
They did exhibit improvement with the measurement and mitiga-
tion questions. Nonetheless, the performance level in all
three categories was below that for homeowners receiving any of
the five brochures. For risk questions the fact-sheet group
fared about as well as the comparison sample who had received
no information.

. The values for the percentage correct responses do differ
across information treatments but distinguishing the contribu-
tions of each type of brochure to learning is difficult. Gen-
erally, all brochures dominate the fact sheet in both the level
of knowledge exhibited in the followup survey and the extent of
learning indicated by the improvement from the baseline to the
followup results.
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TABLE 3-2. PERCENT CORRECT BY CLASS OF QUESTIONa

i ) General risk Measurement Mitigation

information 5 <

received B F Z B F Z B F Z

NYSERDA sample
Full sample 51.6 62.6 12.82 53.6 91.2 50.50 14.1 38.3 18.59
Fact sheet 52.4 54.5 1.23 57.0 86.0 18.86 12.0 22.1 4.65
COQUANT 52.5 63.1 4.67 57.2 93.6 19.38 15.0 52.6 10.78
COQUAL 52.8 65.7 5.67 56.9 93.0 18.80 18.0 45.2 7.54
CAQUANT 50.2 66.2 7.03 57.9, 92.1 17.57 12.3 44.3 9.34
CAQUAL 48.2 65.7 5.67 53.9 94.2 21.46 14.7 48.3 9.04
EPA 52.3 67.2 6.44 55.8 93.5 18.49 145 34.3 5.71

Comparison sample 375 55.0 6.30 32.5 66.7 11.39 15.9 19.1 0.88

% designates the baseline survey, F designates the followup survey and Z the standard normal test statistic using the

normal approximation to the binomial.
b The baseline survey had a total of twelve questions. Ten of these were classified into one of the three categories: general

risk (3). measurement (3), and mitigation (4).

The followup survey had a total of six questions. When these were classified, three were general risk, two measurement,

and one mitigation.




. The comparison group has a lower level of knowledge in all
categories in the followup survey than the NYSERDA households.
Nonetheless, this comparison group’s results do indicate that
there was significant learning for the risk and measurement
guestions. This learning may have resulted from increased
awareness caused by our first interviews bringing radon to
their attention, or it might simply reflect the media attention
given to the subject during the intervening time.

Overall, the performance of homeowners on the quizzes implies that they
know the most about measuring radon, but they still have a lot to learn about
the risks associated with radon, and especially ways to mitigate those risks.
At this stage, the comparison group shows increased learning but the source of
learning is unclear.

An earlier analysis of the baseline survey (see Smith et al. [1987])
showed that respondents’ characteristics and attitudes did affect the number
of correct responses on the radon quiz. Table 3-3 defines the variables used
in this analysis as well as in the subsequent analyses in this chapter. The
first column in Table 3-4 repeats the estimated model for the total number of
correct answers in the baseline survey’s radon quiz. The most important
explanatory factors were age, sex, education, prior knowledge of radon, and
whether a person usually waits until he has a lot of information before making
a decision. We found older people performed poorly on the total number of
correct answers as well as when subsets of questions for general risk, meas-
urement, and mitigation were analyzed separately. Prior awareness and higher
education levels improved performance.

To investigate the effects of the information treatments on performance,
we consider the number of correct responses in the radon quiz from the follow-
up survey. A perfect score on the quiz would be six correct answers. Our
analysis also considers the number correct for risk and measurement categor-
ies. The mitigation category is excluded because it contains only one ques-
tion.

Table 3-4 also reports the results using Poisson regression to estimate
each model. Because the dependent variable involves a count of the correct
responses, this regression approach treats the dependent variable as the out-
come of a set of independent repeated trials that lead to a discrete random
variable, rather than a continuous one. The underlying model assumes that the
count of correct responses follows a Poisson process, with the probability of
the number of correct responses, y;, be some integer, a, as determined by
Equation (3.1)

6,)°
Prob (yi = a) = exp(—ei) ~ (3.1)
Our regression model assumes that Hi varies with respondent as:
k
Ing, =b_ + j§1 b.X. (3.2)



TABLE 3-3. DESCRIPTION OF SOCIOECONOMIC, ATTITUDINAL,

AND TECHNICAL VARIABLES

Variable/name

Description

RADON
AGE
EDUCATION

DOCTOR

WAIT

HEAR

TIME READING

UNDERSTAND

COQUANT

COQUAL

CAQUANT

CAQUAL

EPA

UNDLIFRISK

SEX

Radon reading for 2-%2 months in picocuries per liter.

Age of respondent.

Years of education completed by respondent.

Attitudinal variable (0,1) from the baseline survey = 1 if a respondent indicated that the
statement “you always ask your physician a lot of questions or regularly read articles about
health” described himself very or fairly well.

Attitudinal variable (0,1) from the baseline survey = 1 if statement: “you usually wait until
you have a lot of information before you decide to buy something new like an appliance”
described himself very or fairly well.

Qualitative variable (0.1) from baseline survey = 1 if respondent had heard or read about
radon in fast 3 months.

The number of minutes the respondent reported reading the materials explaining how to
interpret the radon readings (in the followup survey).

Qualitative variable (0,1) from followup survey = 1 if the individual correctly located his
reading on the risk charts provided in the brochures designed by the project or in the EPA
Citizen's Guide.

Qualitative variable (0,1) = 1 if respondent received the brochure with command and
quantitative design features.

Qualitative variable (0,1) = 1 if respondent received the brochure with command and
qualitative design features.

Qualitative variable (0,1) = 1 if respondent received the brochure with cajole and
quantitative design features.

Qualitative variable (0,1) = 1 if respondent received the brochure with cajole and qualitative
design features

Qualitative variable (0,1) = 1 if respondent received the EPA Citizen’s Guide.

Qualitative variable (0,1) = 1 if respondent strongly agreed or agreed that the use of radon
risk as a lifetime risk made it easier to understand personal radon risks.

Qualitative variable, male (=1)




TABLE 3-4. TOTAL CORRECT RESPONSES WITH FOLLOWUP RADON QUIZ:
POISSON REGRESSION MODELS?

Baseline survey Followup survey
Total correct Total correct Total correct Total correct
for all for all for general risk for radon meas-
questions questions questions urement questions
Independent
variables 1) ) () (4) (5) (6) ©) (8)
INTERCEPT 1.4574 9901 9970 7322 1108 -.2938 4108 2877
(23.101) (12.001) (12.070)  (5.192) (0.908)  (-1.399) (3.328) (1.397)
RADON - .0084 .0097 .0098 .0126 .0143 .0029 .0039
(2.158) (2.465)  (2.500) (2.240) (2.536) (0.474) (0.630)
AGE -.0033 -.0029 -.00029 .0089 -.0045 .0140 -.0011 .0048
(-5.299) (-3.541) (-3.488) . (1.661)  (-3.839) (1.764)  (-0.882) (0.615)
AGE2 - - - -.0001 - -.0002 - -.0001
(-2.269) (-2.348) (-0.760)
EDUCATION .0198 0273 0267 0258 .0375 .0356 .0109 .0102
(5.382) (5.779) (5636)  (5.426) (5383) (5.074) (1.538) (1.432)
DOCTOR .0302 .0039 .0030 .0100 -.0056 -.0081 .0035 .0038
(1.426) (0.146) (0.116) (0.371) (-0.141)  (-0.206) (0.087) (0.098)
TIME READING .0003 0004 0004 .0000 .0001 .0000 .0001
(0.586) (0.658)  (0.759) (0.013) (0.176) (0.020) (0.086)
COQUANT - 1755 1335 1291 1298 .0670 .0658
(4.623) (3.217) (3.104) (2.280) (1.074) (1.707) (1.064)
COQUAL .1650 1202 1166 1678 1022 .0798 0473
(4.268) (2623)  (2.733) (2.938) (1.619) (1382) (0.742)
CAQUANT - .1598 1206 1167 1699 .1085 0791 .0495
(4.160) (2.917)  (2.820) (3.009) (1.772) (1.389) (0.802)
CAQUAL 1874 1467 .1468 2037 1474 .0941 .0661
(5.004) (3.593)  (2.982) (3.692) (2.441) (1.663) (1.084)
EPA - 1525 1258 1216 1928 1499 .0857 .0654
(3.681) (3.089)  (2.982) (3.350) (2.505) (1.469) (1.081)
HEAR 2906 .0623 6062 .0595 .1063 1014 .0222 .0204
(15.990) (2.721) (2.647)  (2.597) (3.135) (2.990) (0.650) (0.595)
UNDERSTAND - - .0675 .0682 - .0938 - 0477
(2.523) (2.548) (2.389) (1.179)
WAIT .0801 - - .0019 - .0292 - -
(3.405) (0.064) (0.658)
SEX 0841 - - .0307 0252 .0320 0246 0278
(4.626) (1.307) (0.729) (0.923) (0.704) (0.794)
Log (L) 27,425 10,010 10,013 10,017 156.1 164.13 -276.9 -275.87
x2 2.246.3 642.52 638.3  632.71 746.26 739.01 184.24 183.25
n 2,016 1.936 1,936 1,936 1,936 1,938 1,936 1,936

8The numbers in parentheses are the ratios of the coefficient to their estimated asymptotic standard errors.
bThe baseline survey contained only two questions in the measurement category. Convergence was satisfied but the summary statistics
indicate large gradients. This model will require further analysis before we can gauge whether there are too few questions for the Poisson
count framework, or whether more extensive search of the likelihood surface is required. The results should be regarded as preliminary.
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The likelihood function can be derived from Equation (3.1). To estimate the
model we follow Maddala’'s [1983] iterative process.

The Poisson regression approach has both advantages and disadvantages.
Its primary advantage is that it accounts for the discrete nature of the
dependent variable. Its main disadvantage stems from the assumption that the
mean and variance of the population of correct answers (for each type of
respondent) are equal. In our model the mean, €j, may vary with the Xj’s,
which allows for heteroscedasticity across individuals, but the equality of
means and variances for each type of respondent is not often upheld. This
implies that the estimated standard errors for the model’'s parameters can be
lower than is warranted. In analyzing the number of patent applications,
Hausman, Hall, and Griliches [1984] found that the estimated standard errors
for parameters in a linear model estimated with maximum-likelihood (ML) meth-
ods under the assumption of a Poisson process were one-third the ordinary
least-squares (OLS) estimates. These findings imply that a ML estimator for
the variance covariance matrix can be sensitive to violations in the assump-
tion of equal means and variances.

Our model considers several determinants of the average number of correct
answers including a homeowner’s radon readings, socioeconomic characteristics,
prior awareness of radon, attitudinal variables, and the type of information
treatment received. The information treatments are included as qualitative
variables (i.e., 0, 1 variables) with the fact sheet the omitted category
implying that each coefficient for the remaining information variables indi-
cates its differential effect on the mean count of correct answers.

In discussing our basic estimates, we concentrate on the results for
Model 3, which is based on the total number of correct answers in the followup
survey. These estimates indicate several significant determinants of this
measure of knowledge. The information brochures consistently increased home-
owners’ knowledge, even after accounting for the effects of a radon reading
and socioeconomic characteristics. All the NYSERDA versions and the EPA
Citizen's Guide lead to higher levels of knowledge than the fact sheet. While
the estimated parameters are rather close, there does seem to be a consistent
advantage (in the relative size of its differential over the fact sheet) to
the cajole/qualitative version of the brochures. The mean radon reading is
also positively related to the count of correct answers. Individuals with
higher radon readings seem to be more inclined to pay attention to the infor-
mation provided and to retain it, at least within the limits that could be
examined in this first followup contact.

Three aspects of the respondents’ socioeconomic characteristics are
especially interesting. First, increases in age decrease the mean count of
correct responses. This result supports the earlier findings for the baseline
survey of the monitored sample (see Model 1 in the first column of Table 3-4).
This is the first indication of a consistent pattern of difficulties in
designing information programs to communicate risk information to older peo-
ple. To provide insight into the effects of age, we considered one modifica-
tion to the basic models -- the inclusion of quadratic terms in age for the
total correct response model and those for the two categories of information



shown in models labeled (4), (6), and (8). This is only one approach to
examine the effects of age. Other approaches include: examining subsets of
the overall sample, classified by age; analyzing residuals with regression
diagnostics; and performing a parametric analysis of the treatment of age in
these models. To fully understand the effects of age all should be consid-
ered, but this was not possible for this mid-course evaluation.

The models for the total number correct’and the count of correct answers
for the risk questions support the inclusion of a quadratic term. Based on
these models, increases in age initially lead to improved scores but later
lead to declines in the number of correct answers. The point of inflection
(i.e., where the change in mean correct answers with respect to age is zero)
occurs at about 45 years of age with the total number of correct model and at
35 with the model for the number of correct risk-related questions. This
analysis suggests that there may well be a payoff to further analysis of the
sources of older homeowners’ differential learning.

The second socioeconomic variable of interest is education. The results
show that increases in education consistently increase the mean correct
responses, again consistent with earlier evidence. Individuals who had read
or heard about radon before the baseline survey also performed better. The
statistically significant influence of education suggests that differences in
radon knowledge can be explained by factors that affect knowledge in general.
The significance of the awareness variable (HEAR) for all questions implies
that the various contributors to awareness about radon -- radio, television, and
newspaper articles -- do affect knowledge. Such influences are essential in a
radon information program, particularly one that would use these media to
disseminate radon information.

Our results show that the reported time spent reading the materials was
not a significant determinant of radon knowledge. This variable could indi-
cate difficulties in processing the information materials. Like age, however,
the relationship may not be linear. More evaluation of this relationship
seems useful.

A more specific measure of successful use of the brochures, UNDERSTAND,
was a positive and significant determinant of the total count of correct
responses. As we discuss in more detail in the next chapter, this variable is
based on the respondents’ recall of where their radon reading was located on
the risk charts. We view it as a crude proxy for differences in the respond-
ents’ understanding of the risk materials. For the learning models, the cod-
ing of this variable also affects the size of the differential of the bro-
chures over the fact sheet because homeowners receiving the fact sheet were
grouped with the incorrect recall group. This probably explains the decline
in the magnitude of these estimated coefficients for the qualitative variables
for the information brochures when UNDERSTAND is included in the model.
Strictly speaking, this is inappropriate because homeowners receiving the fact
sheet could not respond to the question, and we would expect some of the
effects of the information treatment to be reflected in this variable.
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The results for the models estimated using the types of information asso-
ciated with the questions -- general risk and mearsurement -- are presented in
Models (5) and (6), and (7) and (8), respectively, of Table 3-4. With the
general risk questions, the results are comparable to those for the total
correct -- a strong endorsement for the brochures over the fact sheet, a clear
positive effect of the radon reading, education, and prior information, and a
negative effect of age after a threshold point. The measurement questions are
not very illustrative and the model did not perform as well. There were only
two measurement questions which may account for the poorer performance.

In summary, these results show that, compared to the fact sheet, the
brochures enhance knowledge about radon and may encourage learning. Higher
radon readings seem to provide separate learning incentives. Not surprising-
ly, more educated and more aware homeowners also showed more knowledge about
radon. The consistently poor performance of older people, even after control-
ling for education and awareness differences, indicates the prospect of prob-
lems in using information programs for communicating risks to this group.

3.3 REPEATED QUESTIONS AND LEARNING

This section analyzes the results of the questions that were repeated in
the two surveys. Until now, our analysis has assumed that the questions in
the baseline and followup surveys have similar levels of difficulty. To
satisfy this assumption would have required identical quizzes in both surveys.
Whether such control is desirable is an open question. Few insights into
people’s learning about radon risk can be gained from questions that nearly
everyone answered correctly in the baseline survey. Since the two interviews
were only a few months apart, we could have increased the potential for
refusals by asking the same questions.

Recognizing these tradeoffs, we repeated (almost verbatim) four of the
twelve questions from the baseline survey and added two new questions. We
chose questions that covered important topics and had a high proportion of
incorrect answers in the baseline interview. Putting the quiz at the end of
the interview for the monitored sample also helped reduce potential repetition
problems.

The repeated questions provide an opportunity to analyze respondents’
performance with a constant standard over the two surveys. With such ques-
tions, four outcomes are possible:

. Response to the baseline could be correct and to the followup
be wrong (unlearn)

b Both responses could be wrong (wrong on both)
. Both responses could be correct (right on both)
. The response to the baseline could be wrong and to the followup

be correct (learn).
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We consider the fourth response a reflection of learning and the first an
indication of confusion or simple guessing. The third is not informative
since there is no change in performance. The second is an important benchmark
because it indicates a failure to transfer information.

There is no natural aggregation of these outcomes because each reflects a
unigue state of how respondents processed the information. Therefore, our
analysis views each possibility as a distinct event. Figure 3-1 describes
responses to a general-risk question that focuses on the primary health effect
of radon -- skin problems versus lung cancer. The results indicate considerable
learning or retention of prior knowledge. About 40 percent of the households
receiving one of the brochures improved their performance. Over 30 percent of
the remainder in these groups maintained correct answers. The fact sheet does
not, as we expected from the findings reported in the previous section, lead
to as much learning as the other information treatments. It also has a higher
rate of apparent confusion, or guessing, with a larger fraction of households
going from correct to incorrect responses.

Figure 3-2 shows the same classification for a question concerning
whether radon levels depend on whether the home is closed up. We classified,
this as a measurement question, although it could also affect mitigation.
Here we find a greater proportion of the respondents seemed to learn -- over SO
percent in all cases. The fact sheet, EPA Citizen's Guide, and command/quali-
tative brochure seem to lead to approximately comparable learning, while the
remaining three have somewhat higher percentages. Overall, the information
treatments seem quite comparable for this question.

Figure 3-3 continues the focus on measurement by asking for comparisons
of the radon concentrations at different floors within the home. Here we find
a good level of general knowledge, with almost 60 percent answering the ques-
tion correctly in both surveys. Learning is also significant with approxi-
mately 20 percent of each group going from incorrect to correct responses.
The performance of the fact sheet was comparable with the brochures, probably
because this issue -- concentrations of radon by the level above ground in the
house -- was explicitly mentioned in the fact sheet.

Figure 3-4 reports the results for the mitigation question, showing that
respondents had difficulty with this question. Seventy percent of those
receiving the fact sheet reported an incorrect answer in both interviews,
while the percentage was less with the other information treatments. The EPA
Citizen's Guide had a fairly poor record as well, with over 60 percent wrong
on both. The project-designed brochures led to the most learning, with per-
centages twice as large as the fact sheet, and about 10 percent higher than
the Citizen's Guide. This issue was discussed in the NYSERDA brochures but
received less attention in the Citizen's Guide. It was not discussed in the
fact sheet. Overall, the highest percentage of learning in this case remained
fairly low at about 40 percent with the command/quantitative version of the
brochure.

As with the count of correct answers, these aggregate proportions of
correct answers assume all individuals had identical responses to the mate-
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Figure 3-1. Skin problems versus lung cancer.
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Figure 3-2. Differences in radon measurements.
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Figure 3-4. Mitigation question results.
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rials, regardless of their radon readings, age, education, or other character-
istics. Table 3-5 reports a multivariate analysis of the repeated questions
which accounts for these influences. We examine the four possible outcomes
across the two surveys and model the determinants of the probabilities that
individuals will attain one of these four outcomes with each question. Our
analysis uses a multinomial logit model with the probability of one of the
four states given as:

exp ()'.' a, .X.)

_ R
Prob (state = i) = y) (3.3)
I exp(L a, .X.)
k=1 j K

where

state = one of four outcomes: correct on both; incorrect on both;
incorrect on baseline and correct on followup (i.e., learn-

ing); and correct on baseline and incorrect on followup
(unlearn)

Xj = jth determinant of probability, constant across states,
varying across respondents.

To identify the parameters of the model, a normalization must be imposed. We
have measured the parameters relative to the base case of both incorrect.
Thus, the three states described in the models in Table 3-5 are unlearn,
learn, and both correct.

The models reported in Table 3-5 all adopt a common specification that
uses qualitative variables for the information treatments. A significant
positive coefficient for one of these qualitative variables indicates that the
associated information treatment increases the probability that a respondent
would be classified in the learning state relative to the normalizing case of
incorrect responses in both surveys. These qualitative variables distinguish
between the omitted category -- the fact sheet -- and one of the brochures.

The results of this multivariate analysis are consistent with earlier
findings and with the general conclusion that the brochures induce learning.
However, the effects appear to differ across questions. The command/qualita-
tive version is the significant determinant of learning about the health
effects of radon, while all versions are significant determinants (over the
fact sheet) of learning about the radon levels with the house closed and the
mitigation question. Three brochures -- COQUANT, CAQUAL, and EPA’s Citizen’s
Guide -- were  significant for the question on how radon concentrations vary at
different levels in the house. A comparison of the relative sizes of the
significant coefficients for the probability of learning indicates that
different brochures would lead to the highest increments to the probability
with each question. The command/quantitative version has the largest effect
for the measurement/house closed and the mitigation questions, and it would
rank second largest for the measurement/radon reading by location question.
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TABLE 3-5. MULTINOMIAL LOGIT MODELS FOR QUESTIONS REPEATED ON BASELINE AND FOLLOWUP SURVEYS?

Measurement—reading Mitigation—effect
Risk—health effects (Q31) Measurement—house closed (Q33) by location (Q34) of appliances (Q36)
independent Both : Both . Both Both

variables Unlearn Learn correct Unlearn Learn correct Unlearn Learn correct Unlearn Learn correct
INTERCEPT -.7576 .0002 -.7081 1.6055 2792 - - .4687 —-.7245 8441 .0996 —2.0065 -2.2675 -4.4200
{-0.918) (0.000) (—-1.324) (1.134) (0.453) - (-0.689) (-0.552) (-0.829) (0.100) (-3.011) (-5.766) (-6.454)
RADON 0474 .0813 .0925 1417 .1143 .1009 .2260 1925 .2443 -.0115 .0206 .0348
(0.715) (1.856) (2.104) (1.639) (1.821) (1.561) (1.331) (1.191) (1517)  (-0.270) (1.057) (1.227)
COQUANT -.4544 3731 .2982 .6031 1.1034 1.0610 5630 1.3547 1.3172 .2420 1.3013 1.3070
(-1.182) (1.559) (1.228) (0.923) (3.480) (3.096) (0.832) (2.386) (2.363) (0.710) (7.282) (4.239)
COQUAL —.4928 5193 5294 1.0273 .7684 .7013 -.5435 .7949 .7005 .7000 .9899 1.0884
(-1.159) (2.026) (2.049) (1.899) (2.604) (2.164) (-0.812) (1.689) (1.528) (2.374) (5.373) (3.435)
CAQUANT -.5415 3211 1161 —-.4318 7573 .6075 -.1014 6832 .4331 .2236 9187 6547
(-1.410) (1.365) (0.481)  (-0531) (2.719) (1.960) (-0.646) (1.585) (1.031) (0.698) (5.133) (1.950)
CAQUAL ~-.7535 .3025 .1108 1016 .6248 .4524 ~.5316 1.5386 1.2862 4072 9759 .9655
(- 1.898) (1.315) (0.470) (0.160) (2.332) (1.504)  (-0.646) (2.723) (2.309) (1.335) (5.487) (3.065)
EPA -.1585 .5084 .3236 4299 8064 7751 4014 1.2403 1.0049 3724 .4888 .4866
) (-0.414) (2.016) (1.254) (0.665) (2.722) (2.391) (0.621) (2.356) (1.944) (1.221) (2.572) (1.417)
TIME READING .0022 .0067 0042 ~.0389 -.0063 .0020 -.0052 .0004 . —.0056 -.0033 0051 . ,0062
(0.297) (1.609) (0978) (-2431) (-1.480) (0.448) (-0.537) (0.052) (-0.826) (-0.614) (1.973) (1.535)
DOCTOR -.0413 0367 2357 -.1181 0507 -.0694 -.3819 - .2568 -.0859 -.1633 1614 .2849
(-0.160) (0.224) (1.386)  (-0.285) (0.2549) (-0317) (-0918) (-0.774) (-0.265) (-0.790) (1.281) (1.261)
AGE .0058 -.0123 -.0109 -.0057 -.0114 -.0153 .0203 .0001 —.0041 -.0177 -.0107 -.0136
(0.722) (-2393) (-2.084) (-0437) (-1918 (-2.308) (1.598) (0.010) (-0424) (-2579) (-2784) (-2.029)
EDUCATION -.0084 .0860 .1269 -.2040 1194 .0954 .0087 .0605 .1845 .0486 0907 .1396
' (-0.173) (2.801) (4.070) (-2.310) (3.253) (2.363) (0.110) (0.978) (3.066) (1.254) (4.084) (3.713)
SEX -.1312 .0353 -.1190 2120 4158 .7169 -.2151 -.2650 .0976 .1189 .055 .0940
(—0.563) (0.240)  (-0.790) (0.553) (2.307) (3.633) (-0.918) (-.928) (0.352) (0.624) (0.524) (0.497)

Log (L) je——-22234—— | |«—— 16796 | |« -1,6227 ———»| |«—— -1,989.4 ——>]|

Y

A

1,936 1,936 ————» |

\
y

n I<———— 1.936———————>| I<——-—-—-—— 1,936

& The numbers in parentheses are the ratios of the coefficient to their estimated asymptotic standard errors.



The EPA Citizen's Guide variable is significant for all questions, but never
has the largest numerical effect (relative to the fact sheet).

Why the NYSERDA brochures performed differently on these learning issues
is unclear. These brochures were designed to provide exactly the same infor-
mation on the issues covered in the repeated questions. The command versions,
which perform somewhat better, were slightly shorter because they did not
include as much information on annual versus lifetime risks. Whether this
slight difference explains the performance difference deserves more examina-
tion. The learning differential of all the brochures relative to the fact
sheet is clear, however. The fact sheet, even though it explicitly covered
three of the four topics, was not as effective in helping people learn.

Education has a significant positive influence on learning, while age had
a negative and significant influence for three of the four questions. To
investigate the effects of age on this measure of information transfer, we
included quadratic terms in age. Generally, our results indicate that age has
a linear effect on learning in Questions 33 and 36 and has a quadratic effect
on learning in Questions 31 and 34, the risk/health effects and the measure-
ment/radon reading by location questions. As shown in the revised models in
Table 3-6, increases in age lead to higher learning up to a point and then to
decreases in learning. Solving for the inflection points in each case leads
to thresholds (i.e., where the effect of age on the probability of learning is
zero) of 40 years of age for health effects and 49 for measurement/radon read-
ings by location. In the risk health effects question (Q31) in Table 3-6, the
command/qualitative and EPA brochures continue to exhibit a significant posi-
tive influence on learning over the fact sheet. As in the Table 3-5 results,
the command/quantitative, cajole/qualitative and EPA brochures exhibit signif-
icant positive effects on learning over the role of the fact sheet.

These results provide strong support for information programs with care-
fully designed brochures to transfer risk information. Based on these fairly
crude proxy measures (i.e., the count of correct answers and the performance
of repeat questions) for learning, it appears that no single format -- e.g.,
command/quantitative versus cajole/qualitative or the Citizen's Guide -- would
be best for all situations. With some types of information, the ability to
transfer an understanding was enhanced by adopting a specific format that
might be less effective with another type of information.

3.4 CONCLUSIONS

This chapter has analyzed homeowners’ learning about radon in two princi-
pal ways: how many questions did they answer correctly in the “radon quiz”
overall and how did they perform on questions in three specific categories --
measurement, risks, and mitigation. In each case, we have examined the
effects of the various information materials, as well as the effects of their
socioeconomic characteristics, attitudes, and radon reading on the numbers of
correct responses. Our analysis also considered the determinants of perform-
ance patterns with four repeated questions. We found that:

3-17



TABLE 3-6. REVISED MULTINOMIAL LOGIT MODELS—
ALTERNATIVE TREATMENT OF AGE VARIABLE -

Risk health effects (Q31) Measurement—reading by location (Q34)
independent Both Both
variables Unlearn Learn correct Unlearn Learn correct
INTERCEPT -~.0467 ~1.4841 -2.8011 -.0115 -1.4033 ~2.2575
. (-0.036) (~1.751) {-3.176) (-0.006) {-0.932) (- 1.550)
RADON .0475 0815 0933 2227 1872 .2391
(0.721) (1.872) (2.132) (1.323) (1.169) (1,498) -
COQUANT - .4490 .3645 .2848 5702 1.3533 1.3138
(-1.166) (1.520) (1.169) (0.841) (2.376) (2.349)
COQUAL -.4845 5114 5184 -.5387 7827 ..B875
(~1.140) (1.994) (2.003) (~0.806) (1.662) (1.498)
CAQUANT -.5275 2996 .0860 -.0879 6493 3972
(-1.374) (1.272) (0.356) {(-0.157) (1 .505) (0.944)
CAQUAL - 7556 3100 1225 5362 15520 1.3000
(—1.903) " (1.346) (0.518) (~-0.651) (2.743) (2.332)
EPA -.1497 4944 .3038 4044 12173 .9806
(-0.391) (1.959) {1.175) (0.625) (2.308) (1.893)
TIME READING 0016 0072 - .0048 -.0057 0011 -.0048
(0.236) (1.718) (1.120) (~0.581) (0.159) (~0.703)
DOCTOR -.0473 0440 .2437 -.3854 -.2376 -.0866
(-0.183) (0.268) (1.430) (-0.926) (~-0.71 _6) (~0.205)
AGE -.0233 0534 .0826 -.0029 .1020 .1029
(-0.523) (1.757) (2.594) (~0.044) (1.942) (2.036)
AGE® .0003 ~.0007 -.0010 .0002 -.0010 -.0011
(0.643) (-2.179) (-2.976) (0.283) (- 1.976) (~2.157)
EDUCATION -.0096 .0848 .1249 0045 0571 .1809
(-0.198) (2.762) (3.996) {0.057) (0.930) (3.028)
SEX -.1412 .0499 -.1001 ~.2091 -.2200 -.1433
(-0.605) (0.338) (-0.662) (-0.567) (-0.767) (0.514)
Log (L) -2,2165 -1,617.6
n 1,936 1,936
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. Information treatments had different effects on learning both
by subject area and in the repeated questions. All the bro-
chures are superior to the fact sheet. There also appear to be
differences in the performance of some types of brochures but
no single brochure was superior in transferring information in
all categories.

. In the followup survey, homeowners in the monitored study
answered over 90 percent of the measurement questions correctly
and about 60 percent of the risk questions. Only 40 percent
answered the mitigation question correctly, but this was an
especially difficult question.

d Homeowners with higher radon levels showed higher overall
knowledge than homeowners with lower radon levels. However,
the learning results were mixed with only two of the four
repeated questions showing higher radon levels leading to
increased learning.

N Older people had more difficulty with the radon quiz. They
performed worse on the quiz and did not learn as much between
the surveys as their younger counterparts. The relationship
between age and learning appears to be nonlinear, with learning
increasing up to a threshold, ranging from about 40 to 50 years
of age, and decreasing thereafter.

d Education, prior awareness, and demonstrated ability to use the
information generally increase learning, as measured by the
performance on the radon quiz and by the changes in performance
with specific questions.

Our results on learning imply that the homeowners in the monitored sample
did show substantial learning. The comparison sample also showed improvement
on the radon quiz, suggesting that more analysis of this group is warranted.
This improvement could reflect increased knowledge because of the increased
media attention given to radon. If so, this would be another indication that
information about radon can be transmitted to individuals, What is necessary
to better understand the learning relationships is a more thorough examination
of the factors that have affected learning for both samples of homeowners.
With this understanding, it may be possible to link learning to the formation
of risk perceptions and, ultimately, to mitigation decisions. Such insights
may even be transferable to the analysis of factors that influence the
decision to test for radon.
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CHAPTER 4
THE EFFECTS OF INFORMATION ON RADON RISK PERCEPTIONS

4.1 INTRODUCTION

This chapter evaluates how homeowners used the risk information materials
to form their risk perceptions. Using the experimental design described in
Chapter 2, we examine the effects of the alternative information materials on
several important aspects of radon risk perceptions. These include the proc-
essing of risk information, the updating of risk perceptions, and the develop-
ment of a more intuitive understanding of radon risks.

Our baseline and followup surveys provide unique data to describe how
people update their risk perceptions in response to new information because
they track individuals’ radon risk perceptions before and after they received
their radon readings and the information materials. Such models provide
insights about the rationality of risk perceptions that often cannot be found
with cross-sectional surveys of individuals’ risk perceptions that obtain only
one appraisal of risk from each person.

We also evaluate the ability of homeowners to advise a neighbor about
radon. Our analysis considers their responses to a question about whether a
neighbor should take mitigation actions and how soon these actions should be
taken. A wide range of radon levels are randomly assigned in this hypotheti-
cal but realistic question. The responses provide additional insight into the
homeowners’ ability to understand the risks from radon exposure. We supple-
ment these analyses with examinations of the homeowners’ performance in using
the risk charts contained in the various radon information brochures.

Our overall findings suggest that brevity in risk communication is not a
virtue. Brevity appears to increase subjective risk perceptions unnecessar-
ily. The combination of numerical information and the colored risk chart
improved people’s’ability to process risk information. Visual devices, such
as the three colored columns used in the chart in the qualitative/command
brochure, also appear to improve people’s intuitive under-standing of radon
risk concepts. Our behavioral models show a more rational risk perception
process than that found by Weinstein, Sandman, and Klotz [1987].

4.2 CHANGES IN THE DISTRIBUTION OF PERCEIVED RISKS
Our information on risk perceptions is based on questions used in both

the baseline and followup survey. Interviewers asked New York homeowners two
guestions about the risks they perceived from radon:



“Personal Risk” Question: Now, |I'd like you to think about different
risks you and your household face. For each
type of risk that | read, please tell me how
serious you think the risk is on a scale from
1 to 10. Number 1 on the scale is not at all
serious and 10 is very’'serious . . . how seri-
ous are risks you (and your household) face
from being exposed to radon?

“General Risk” Question: Compared to other health risks people face,
how serious a health risk is radon -- on a scale
from 1 to 10 with 1 being not at all serious
and 10 being very serious?

The 10-point scale was chosen to accommodate the needs of a telephone inter-
view. Similar to that used by Johnson and Luken [1987], the simple scale is
easily understood and provides sufficient range for people to express the
risks they perceived from radon. Desvousges et al. [1987] used the exact 10-
point scale in their study of perceived risks. It is in the same spirit as
the format used by Weinstein, Sandman, and Klotz [1987].

The seriousness dimension of the scale includes both the likelihood of
being exposed and the nature of the health outcome (lung cancer). The tele-
phone interview format precluded the use of a risk ladder or risk circles (see
Schulze, McClelland, and Coursey [1986] and Smith and Desvousges [1987]) to
separate these two perception components.

Table 4-1 shows the frequency distributions for the two perceived radon
risk questions, as well as responses for two other sources of risk -- automobile
accidents and hazardous waste exposure. Both the baseline (B) and followup
(F) distributions are shown. For the personal risk from radon exposure, the
most significant change in the distribution from the baseline to the followup
interviews is the decrease in the “don’t know” category of responses. This
frequency of responses decreased from 25 percent to only 4 percent. The per-
centage of perceived risk responses at the low end of the scale also is much
higher in the followup survey -- 46.8 percent of the homeowners perceived their
personal risk from radon exposure to be low (i.e., two or less on the scale in
the followup survey) compared to only 23.1 in the baseline survey.

The distribution of the general risk responses changed very little
between the baseline and followup survey. The distribution also is quite
distinct from the one for personal risks from radon exposure. In the followup
interview, about 50 percent of the homeowners rated the general risk from
radon 5 or higher, while only about 25 percent put their personal risk in
those categories. The differences between the distributions of responses
suggest that the respondents were able to distinguish between the two radon
risk perception questions. The relative stability in the general risk distri-
bution also implies that the homeowners updated their personal risks from
radon exposure after receiving their radon readings and information materials.



TABLE 4-1. FREQUENCY DISTRIBUTIONS FOR PERCEIVED RISK BY SOURCES OF RISK:

BASELINE vs. FOLLOWUP SURVEYS2

Radon risk Radon risk Auto_mobile Hazardous
Seriousness (personal) (general) accidents waste
of risk B F B F B F B F
1 13.2 25.3 3.6 7.8 6.6 7.7 214 28.0
2 9.9 215 3.3 9.4 6.8 6.4 14.0 17.9
3 11.0 15.6 8.9 12.0 9.0 10.9 115 12.6
4 7.0 6.8 6.9 10.2 5.6 7.6 7.8 7.2
5 17.1 138 24.4 22.1 254 29.1 12.4 13.0
6 3.3 2.9 9.6 5.8 7.6 7.8 4.9 3.8
7 4.7 3.3 8.9 6.3 9.4 7.8 6.7 5.0
8 5.0 2.7 10.5 9.6 13.2 115 8.5 5.1
9 1.0 14 18 2.8 4.2 29 4.3 2.2
10 34 2.6 7.9 6.7 10.3 7.2 7.0 4.3
Don’t know 245 4.1 143 7.3. 2.1 1.2 16 11
Note: B = Baseline Survey
F = Followup survey

4The frequencies may not add to 100 percent because of rounding error.
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Since 6 months elapsed between the baseline and followup surveys, we
cannot separate the effects of the information materials from the passage of
time.* By comparing the perceptions of the seriousness of other risks, how-
ever, we have some informal evidence on risk perceptions that should be inde-
pendent of the radon information materials. As shown in Table 4-1, the dis-
tribution of perceived risks for both automobile accidents and hazardous waste
exposure are quite consistent in the two surveys. People also seem more con-
fident of their perceptions for both of these risks. The “don’t know” cate-
gories accounted for only about 2 percent in either the baseline or followup
surveys.

When the various frequency distributions are compared, the large shift in
responses out of the “don’t know” category occurs primarily with the personal
risk from radon exposure. While the percentage reporting “don’t know” to the
general risks posed by radon declines by one-half between the baseline and
followup surveys, both the final percentage of “don’'t know” responses and the
magnitude of the change for personal risk are more striking. After receiving
the information materials, almost twice as many homeowners reported they did
not know the general radon risk compared to the personal risk responses for
that category. People seemed to be waiting for their radon readings to evalu-
ate the severity of their personal risks from radon exposure.t After receiv-
ing the readings and the information materials, only 4 percent could not form
perceptions of their risk from radon exposure.

Table 4-2 shows the frequency distributions for baseline and followup
surveys grouped according to the type of radon information materials the home-
owners received: the fact sheet, the four versions of the experimental bro-
chures, and the EPA Citizen's Guide. Note that the distribution of perceived
risk responses for the baseline survey is almost identical across the various
types of information materials. This similarity results from our efforts to
ensure that the information materials were independent of perceived risk
responses in the baseline surveys. (See Appendixes A and B.)

When the responses to the followup survey are grouped according to the
information materials received, there do not appear to be large differences in
the distributions of perceived risks among the various types of information
brochures or the fact sheet. While the distributions derived from the follow-
up survey are different from the baseline distributions for each information

*There does not appear to be an extensive literature on the consistency
of risk perceptions over time. The Wallsten-Budescu [1983] review indicates
substantial work on the reliability of encoded risk perceptions, but does not
discuss how perceptions might evolve over time. We also cannot control for
people’s access to and use of radon information in the general media. Over
this time period there has been increased reporting about radon and its risks.

Tin their debriefing, telephone interviewers remarked that, when asked
the perceived risk question, people frequently commented, “Well | don’t know.
That's what I'm waiting for you to tell me with the monitoring results.”



TABLE 4-2. FREQUENCY DISTRIBUTIONS FOR PERSONAL RISK FROM RADON BY
INFORMATION TREATMENT: BASELINE vs. FOLLOWUP SURVEYS?®

Seriousness FACT SHEET  COQUANT CAQUANT CAQUAL COQUAL EPA
of radon risk B F B F B F B F B F B F
1 13.2 243 147 300 122 242 142 268 122 206 116 26.0
2 95 19.7 100 223 95 252 88 217 105 216 101 199
3 11.8 162 123 143 109 157 95 129 101 192 105 159
4 81 60 63 7.0 65 6.1 85 75 52 94 61 6.1
5 16.3 14.4 150 120 211 153 173 149 174 122 159 134
6 39 40 43 1.7 14 17 27 27 42 35 25 33
7 30 40 60 10 44 20 48 44 77 35 47 40
8 51 32 67 33 54 17 41 34 28 1.7 54 25
9 0.7 1.1 07 1.7 14 14 10 03 14 2.1 1.1 22
10 39 20 17 23 34 31 17 27 35 3 61 33
Don'’t know 246 5.3 23 43 238 37 264 27 251 31 260 3.6
Note: B = Baseline Survey

F Foliowup Survey

%The frequencies may not add to 100 percent because of rounding error.



treatment, comparing the results across types of information reveals no pro-
nounced differences. However, as we show later in this chapter, there are
significant differences in the effects of these materials that become apparent
when statistical technigues are used to account for the differences in a home-
owner’s characteristics -- for example, his age or education level. This dis-
tinction between interpretations of individuals’ risk perceptions based on
grouped data versus that derived from analysis of individual responses is
consistent with other findings. Johnson and Luken [1987], for example, found
that 56 percent of the individuals with high radon levels (in a relative
sense) rated their risk as medium to low. Only for individuals with low
objective risks did the majority indicate low subjective risks.

The Johnson and Luken findings for grouped data were more understandable.
when the analysis of posterior risk perceptions took account of differences in
individuals’ characteristics and their prior appraisals of risk. (see Smith
and Johnson [forthcoming]). These studies highlight the importance of the
classification scheme used to group individual responses. Because of the
diversity in how individuals form their risk perceptions, some classifications
can be misleading.

Weinstein, Sandman, and Klotz [1987] examined the frequency distributions
for three subsets of their sample households, grouped according to their radon
readings -- less than 4 picocuries, 4 to 20 picocuries, and more than 20 pico-
curies. In each case they asked respondents to label their radon levels as
“slight, moderate, or serious risk.” Using the frequency distributions for
these classifications with the three subsamples, they conclude that:

the label [risk classification] people used with respect to
their own home was almost completely uncorrelated with their test
results [radon readings].” (Weinstein, Sandman, and Klotz [1987],

p. 17)

Weinstein, Sandman, and Klotz appear to examine only the frequency distribu-
tions and simple correlation coefficients between variables in reaching their
conclusion. Further analysis of their data, which would account for differ-
ences in individuals’ characteristics, could change their conclusions.

4.3 HOMEOWNERS' USE OF THE INFORMATION BROCHURES

The first step in understanding how individuals form risk perceptions is
to evaluate how they used the information brochures explaining the relation-
ship between their 2-month radon readings and the increments to their lifetime
risks of lung cancer. Recent findings of Viscusi, Magat, and Huber [1986]
emphasize the importance of examining how households process risk information.
We obtained data on several aspects of how the respondent interpreted the risk
information even though we were constrained by the format of a telephone
interview. In this section we consider two issues:

. Whether the respondents correctly perceived the distinction
between lifetime and annual risks



. Whether the respondents were able to use the risk charts pro-
vided in the NYSERDA and EPA information brochures.

Figure 4-1 displays the,percentage of correct responses to a question
that asked households about the relationship between lifetime and annual risks
from radon exposure. Homeowners who received any of the information brochures
did appreciably better in answering this question than those receiving only
the fact sheet. Homeowners receiving the cajole/qualitative brochure demon-
strated the best performance -- 83 percent answered this question correctly.
Because this brochure used colored columns to illustrate the difference
between lifetime risks and annual risks from radon exposure, we have some
direct evidence that this visual device was effective in helping people under-
stand the fundamental relationship between risk measures.

Evaluating whether households used the risk charts correctly is more
difficult because the definition of a correct answer involves some judgment.
This analysis is confined to homeowners who received any of the four NYSERDA
brochures or the EPA Citizen's Guide. (The fact sheet did not contain a chart
with risk information.) As shown in Figure 1-1, all of the NYSERDA brochures
contained a colored risk chart that linked radon readings to lifetime risks.
For homeowners receiving any of these brochures, we asked them if they
recalled the color that corresponded to their radon reading. Because the EPA
Citizen’s Guide uses a different, more detailed risk scale with varying
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Figure 4-1. “The risk from one year of exposure to radon is much lower
than the risk from lifetime exposure.”
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shadings rather than multiple colors, we asked these homeowners to indicate
the approximate position of their readings in one of four areas on the chart.*
Thus, the analysis of chart placement uses verbal reports of behavior,
requires different recall tasks for the EPA and NYSERDA brochures, and
involves a judgment on the definition of correct chart use.

Table 4-3 defines our criteria for correct responses and Figure 4-2
reports the frequency distributions for the correct use of the risk charts by
brochure type. The differences in the percentage of correct responses among
the NYSERDA brochures are not significant. Only about 50 percent of the
households reported the correct color in each case. In contrast, the house-
holds receiving the EPA Citizen's Guide had a considerably lower success
rate -- only 3 out of 10 could recall which portion of the chart contained their
readings. Although the two recall tasks differ, and our definition of correct
responses may be more arbitrary for the EPA brochure, the observed difference
in success argues for further analysis of the sensitivity of the results to
how success is defined.

For now we use these definitions of correct use to examine the various
factors that could account for homeowners’ ability to recall the information
from the NYSERDA risk charts more accurately than their counterparts who
received the EPA Citizen's Guide. The analysis uses probit models with home-
owners who recalled either their color or chart segment correctly being
assigned a value of 1, and all others a zero. Table 4-4 defines the variables
that are used in the rest of this chapter.

Table 4-5 presents the results for the likelihood that homeowners cor-
rectly use the NYSERDA risk charts. The definition does not distinguish
between under- and over-statements. Each is treated as a comparable error.
We estimate separate models for the EPA Citizen's Guide and the NYSERDA bro-
chures, as well as models for various combinations of the sample. For each
subgroup, we estimated separate models for homeowners with radon readings
below 1 picocurie per liter and those with readings equal to or greater than
1 picocurie per liter. The table provides only one model in each case, but
the general conclusions do not change for less detailed specifications.

The models for households with radon readings less than 1 picocurie
(Models 1-2) are largely uninformative. Homeowners who had heard about radon
before the baseline interview are more likely to use the NYSERDA risk chart
correctly. Homeowners who felt that the concept of lifetime risk made it

*For those receiving a NYSERDA brochure: Which color on the radon risk
chart did your radon reading correspond to?

Green 01 Orange 03 Other 05
Yellow 02 Red 04 Don’t recall 94

For those receiving EPA’s Citizen's Guide: Do you recall where on the
radon risk chart your reading was? Was it?

a. Above the middle 01 d. At the bottom 04
b. In the middle 02 e. Don't know 94
C. Below the middle 03



TABLE 4-3. DEFINITIONS OF CORRECT USE OF RISK CHARTS

Radon reading Color assighment
Information brochure (R) or placement
NYSERDA R<2 Green
2<R<4 Yellow
4<R<20 Orange
20<R Red
EPA R<1 Bottom
1<R<4 Below the middle
4<R<20 In the middle
20<R Above the middle
% Correct
60 T 54 56 52

50 T
40 T
30 T
2071

10 1

Command- Command- Cajole- Cajole- EPA Citizen's
Quantitative Qualitative Quantitative Qualitative Guide

Figure 4-2. Frequency distributions for correct use of risk charts.
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TABLE 4-4. DESCRIPTION OF SOCIOECONOMIC, ATTITUDINAL
AND TECHNICAL VARIABLES

Variable/name

Description

AGE
EDUCATION
NEED HELP

DOCTOR

WAIT

MATH

EXPERT

HEAR
TIME READING

UNDERSTAND

COQUANT
COQUAL
CAQUANT'
CAQUAL
EPA
UNDLIFRISK

UNDLIFMITIG

AVERT
ADJUST

SEX
RACE
SRISKF

SRISKB

Age of respondent.
Years of education completed by respondent.

A qualitative variable (0.1) for respondents who indicated on the baseline survey that they did not know which
government agency to turn to for help and additional information on radon (= 1 if they do not know).

Attitudinal variable (0,1) from the baseline survey = 1 if a respondent indicated that the statement “you always ask your
physician a lot of questions or regularly read articles about health” described himself very or fairly well.

Attitudinal variable (0,1) from the baseline survey = 1 if statement: “you usually wait until you have a lot of information
before you decide to buy something new like an appliance” described himself very or fairly well.

Attitudinal variable (0,1) from the baseline survey = 1 if statement: “you are used to working with numbers or math
because of your job or some other interests” described himself very or fairly well.

Attitudinal variable from the baseline survey = 1 if statement: “you often question information from experts or other
authorities” described himself very or fairly well.

Qualitative variable (0,1) from baseline survey = 1 if respondent had heard or read about radon in last 3 months.

The number of minutes the respondent reported reading the materials explaining how to interpret the radon readings (in
the followup survey).

Qualitative variable (0,1) from followup survey = 1 if the individual correctly located his reading on the risk charts
provided in the brochures designed by the project or in the EPA Citizen's Guide.

Qualitative variable (0,1) = 1 if respondent received the brochure with command and quantitative design features.
Qualitative variable (0,1) = 1 if respondent received the brochure with command and qualitative design features.
0,1)

Qualitative variable 1 if respondent received the brochure with cajole and quantitative design features.

01) =
Qualitative variable (0,1) = 1 if respondent received the brochure with cajole and qualitative design features.
Qualitative variable (0,1) = 1 if respondent received the EPA Citizen’s Guide.

Qualitative variable (0,1) = 1 if respondent strongly agreed or agreed that the use of radon risk as a lifetime risk made it
easier to understand personal radon risks.

Qualitative variable (0,1) = 1 if respondent strongly agreed or agreed that the use of radon risk as a lifetime risk made it
easier to decide on mitigation to reduce radon levels in the home.

Qualitative variable = 1 if respondent has done or planned to do something to reduce household’s exposure to radon.

Qualitative variable = 1 if individual adjusted his personal radon risk perception from the lifetime risks reported for the
typical household

Qualitative variable, male (=1)
Qualitative variable. white (=1)

The respondent’s reported perception on a 1 to 10 scale of the seriousness of the personal risk facing his household
from radon; this response was from the followup survey after receiving the reading and information materials.

The respondent’s reported perception on a 1 to 10 scale of the seriousness of the personal risk facing his household
from radon: this response was from the baseline survey before receiving any information.
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TABLE 4-5. DETERMINANTS OF ABILITY TO USE RISK CHARTS: PROBIT MODELS®

Radon <1 Radon <1 Radon 21 Radon >1 Fuil sampte
NYSERDA EPA EPA NYSERDA P Combined
treatments Citizen’s Guide  Citizen’s Guide  treatments NYSERDA EPA NYSERDA and EPA
Independent -
variables '} 2 ) 4) s) (6) (¥4} (8)
INTERCEPT —.4447 ~2.6079 ~.4409 -.7746 - 5366 ~.6422 -.6430 ~.9159
(- 0.806) (~2.256) (-0.421) (~1.763) {~1.600) (-.0.932) (~4.541) (-3.103)
RADON .1150 7873 0156 -.0543 -.0633 ~.0483 -.0596, - .0600
(0.425) (1.454) (0.446) (~3.897) (~4.789) (-1.438) (~4.849) (-4.871)
EDUCATION 0424 0424 ~.0314 0399 .0358 -~ .0059 — -.0240
(1.413) (0.718) (~0.526) (1.764) (2.010) (-0.151) (1.497)
AGE ~.0002 .0018 .~.0101 .0007 -.00004 ~.0055 - -.0010
(-0.050) (0.174) (~1.129) (0.189) (~0.012) (-0.854) (-0.383)
UNDLIFRISK .2608 1.7389 3127 .3297 .3243 .8322 .3970 .3949
(1.268) (2.918) (0.699) (2.261) (2.757) (2.468) (3.650) (3.615)
DOCTOR ~.1693 ~.2465 ~-.1118 .1696 0541 ~.3299 —_ ~.0093
(-1.011) (-0.816) (-0.353) (1.410) (0.563) (~1.614) (-0.107)
HEAR .3208 2547 ~.0409 ~.0525 0896 .1025 — .1034
(2.411) (0.915) (-0.155) (-0.496) (1.080) (0.575) {1.385)
COQUANT 0664 — - .1156 .1030 - 6367 .6393
(0.353) {0.791) (0.898) (5.395) (5.402)
COQUAL 4772 - -_ 1147 2421 - 7722 7770
(2.407) 0.772) (2.063) (6.413) (6.438)
CAQUANT -.0079 - - 0377 0319 — .5831 5747
(-0.042) (0.258) 0.279) (4.965) (4.881)
CAQUAL - - - - -— — 5270 5330
(4.463) (4.500)
TIME READING ~.0040 -.0025 .004s .0019 ~.0003 -.0002 -.0010 ~ 0007
{-0.967) {-0.313) {1.107) (0.832) (-0.156) (~0.051) (~0.615) (-0.437)
SEX - 2670 .2521 .2858 -.1791 —.1954 .1841 - ~.1219
{-1.855) (0.857) (1.110) (~1.651) {-2.280) (1.035) (-1.597
n 389 85 137 602 o 232 1,223 1,223
Log (L) —242.65 ~57.269 -68.40 ~401.69 ~652.87 ~140.75 -803.62 -799.59

aThe numbers in parentheses below the estimated parameters are the ratios of the coefficients to their estimated asymptotic standard errors.
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easier to understand personal radon risk are more likely to use the chart
correctly in the EPA Citizen's Guide. The findings are quite different, how-
ever, for homeowners who received the NYSERDA brochures and had radon readings
equal to or greater than 1 picocurie. Model 4 shows homeowners with higher
radon readings were less likely to use the risk chart correctly.

We also consider whether general tendencies can be detected for the over-
all sample by eliminating the distinction by level of radon reading. Model 5
is estimated for all homeowners who received the NYSERDA brochures.* Model 5
estimates reinforce the results that showed homeowners with higher radon read-
ings experiencing more difficulty with the chart. As the radon reading
increases, a homeowner’s answer for the NYSERDA risk chart is less likely to
conform to our description of a correct use of the respective charts. These
descriptions correspond to the standard assumptions underlying the lifetime
risk estimates for radon, so this pattern could imply that households with
higher radon levels are not using the charts correctly. Alternatively, it
could be consistent with an increased incentive to adjust the risk estimates
to reflect each individual’s circumstances more accurately. While both
interpretations are possible, we believe the results are more consistent with
the increased likelihood of mistakes because the question asked for the color
of an individual’'s reading _not the color of his risk estimate. Moreover, as
we show later in this chapter, these findings do not change when we include a
gualitative variable to identify those households who stated they had adjusted
their lifetime risk estimates.

The Model 5 results show several other significant determinants of cor-
rect chart use: education, sex, lifetime risk, and the qualitative variable,
COQUAL, for homeowners who received the command/qualitative NYSERDA brochure.
Generally, we find female homeowners with higher education levels, who agreed
that the lifetime risk concept was useful and received the command/qualitative
brochure, were more likely to answer the question correctly. The last of
these variables, COQUAL, reflects the differential effect of the command/
gualitative brochure over the omitted category which was cajole/qualitative.
This is consistent with the frequencies reported in Figure 4-2 that showed
homeowners receiving the command/qualitative brochure demonstrated the highest
overall percentage of correct color placements. Unfortunately, the differen-
tial does not help to identify why homeowners’ responses are inconsistent with
what we defined as correct recall. The command versions of the NYSERDA
brochure do not encourage adjustment of personal estimates of risk from radon.
As a consequence, we would expect homeowners who received them to be least
likely to adjust (and thereby make mistakes if they reported their adjusted
risk estimates instead of the color of their radon readings). COQUANT has the
next greatest numerical effect on the likelihood of “mistakes,” but it is not
a statistically significant variable. Therefore, it is not possible to
extract a clear explanation of the difference in performance across brochures.

*Model 6 reports the results estimated for the homeowners who received
the EPA Citizen's Guide. Because these results are uninformative, we
concentrate on Model 5.
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Models 7 and 8 in Table 4-5 provide a final comparison for the overall
use of a risk chart. These models implicitly assume that the correct usage of
the EPA and NYSERDA charts is equivalent. While we noted that this assumption
stretches the limits of comparison, it does offer an approximate appraisal of
homeowners’ performance in using the risk charts. Model 8 reports the
detailed specification that we have used throughout this section and Model 7
presents a more limited specification that deletes all the socioeconomic
variables that were insignificant, except time reading. We view this variable
as a proxy measure of the individual's difficulty with the material.

Given the larger sample size, it is not unusual to find that Models 7 and
8 show more significant determinants of correct use of the risk charts. These
results confirm the tendencies shown in the earlier models. Homeowners with
higher radon readings are less likely to use the risk charts correctly, as we
have defined correct use. Nonetheless, all of the NYSERDA brochures perform
better than the EPA Citizen's Guide (the omitted category in these models).
Thus, these probit results reinforce the frequency results in Figure 4-2 that
showed only 30 percent of homeowners receiving the EPA brochure used its chart
correctly. However, it is not surprising that homeowners found it easier to
recall a color than a range on the chart. These models also show that home-
owners who thought that the lifetime risk concept was helpful are more likely
to use the risk charts correctly.

It is possible that homeowners may have reported their answers after they
had adjusted their risks. One approach for testing whether homeowners
reported the colors corresponding to their adjusted risk is to examine the
relationship between correct chart use and the qualitative variable for
reported adjusted risk. To test this hypothesis, we estimated probit models
shown in Table 4-6 combining the correct use of the NYSERDA chart and the EPA
chart and then a separate model on the NYSERDA chart alone. The adjustment
variable does not have a statistically significant effect on the correct use
of the chart in either case.

Overall, our findings imply that the format used in presenting risk
information affects the homeowners’ ability to use that information. The
colored columns helped homeowners develop an intuitive understanding of life-
time risk. The colored risk charts also made it easier for homeowners to
recall the location of their radon reading than the EPA chart. But these
preliminary findings suggest that the information transfer was not ideal.
Only one-half of the homeowners recalled their correct color. Individuals
with higher readings were more likely to make mistakes according to our defi-
nition. Whether the mistakes reflect adjustments that the cajole versions of
the NYSERDA brochures sought to encourage merits more attention. Alternative-
ly, something in how homeowners process the chart information could cause them
to discount (or reject) “bad news” associated with higher readings. This
hypothesis merits evaluation as well. Future research also should distinguish
the type of mistake -- overstatements versus understatements of risk -- and seek
to evaluate the source of these mistakes. |If the brochures designed to
promote adjustment lead to “mistakes” that are understatements by our con-
servative criteria and these reductions appear warranted based on the home-
owner’s circumstances, then these findings would not reflect the failure of
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TABLE 4-6. PROBIT MODELS FOR CORRECT USE OF RISK CHARTS

Independent Combined sample NYSERDA
variables NYSERDA and EPA sample only
INTERCEPT -1.0307 -.7597
(-2.367) (-1.593)
RADON -.0510 -.0542
(-4.399) (-4.350)
COQUAL 7027 .0426
(6.304) (0.399)
COQUANT 5741 1761
(5.235) (1.622)
CAQUAL 5275 -
(4.825)
CAQUANT .4830 -.0485
(4.416) (-0.454)
EDUCATION .0387 .0490
(2.498) (2.986)
AGE .0118 .0155
(0.740) (0.871)
AGE? -.0001 -.0002
(-0.881) (-0.989)
HEAR .0937 .0465
(1.345) (0.601)
ADJUSTED RISK -.0006 .0124
(-0.006) (0.123)
TIME READING -.0014 -.0007
(-0.878) (-0.394)
DOCTOR .0291 .1079
(0.365) (1.227)
WAIT .0012 -.0493
(0.013) (-0.490)
n 1,394 1,126
Log (L) -922.74 -748.81
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information programs. Rather, they would illustrate that the sample respon-
dents had processed the adjustment information in the brochures, thus perform-
ing sophisticated personal risk assessments.

4.4 A BEHAVIORAL MODEL FOR RADON RISK PERCEPTIONS

This section tests the ability of a Bayesian model to explain the process
of how households form their risk perceptions. The Bayesian model assumes
that the mean of distribution of an individual’'s sentiments after new informa-
tion is received (the posterior distribution) is a weighted average of the
mean of the distribution of an individual's beliefs before the new information
is received (the prior distribution) and a sample mean. New information is
treated like the sample mean in the Bayesian updating rule -- i.e., it indicates
that the prior distribution characterizing an individuals’ beliefs should be
modified.

Viscusi and O’'Connor [1984] used this basic framework to describe how
people form their subjective risk perceptions. Their analysis considered
chemical workers’ risk perceptions for their actual jobs and for a hypotheti-
cal change in those jobs that would require them to handle a specified new
chemical. They used several types of labels to describe the chemicals that
were associated with the hypothetical change. The workers were asked about
their perceptions of the job risks before and after reading the labels. This
process provided information on the prior and the posterior risk assessments.
The labels were assumed to convey information to the workers that allowed them
to act as if they had received a sample estimate of the risk. In their model,
the implicit sample risk is derived from the relationship between the reported
prior and posterior risks -- it is not observed.

Viscusi and O’Connor [1984] found that the Bayesian model explained the
process of how workers formed their perceptions. Smith and Johnson [forthcom-
ing] found similar support for an extension of this model using perceived
radon risks along with individuals’ characteristics. Their analysis was based
on a sample of Maine households who received identical brochures with their
radon readings.

Neither study offers an ideal test of the Bayesian framework. The
Viscusi-O’Connor analysis was based on a hypothetical situation, while Smith
and Johnson had to rely on a retrospective appraisal of the respondents’ sub-
jective risks before the new information (i.e., their radon reading) was
received. Our study design avoids both problems. It allows us to elicit
information about each individual’'s perception of the personal risk radon
exposure twice -- before the reading and information materials were available,
and after the information had been distributed. The circumstances facing
these households involve actual risks arising from the radon in their homes.
By altering the way the radon risk was explained to each household, we can
determine whether the type of information, as well as an individual’s charac-
teristics, affect the process of updating risk perceptions

This last issue has been an important element in our research design.
The economics and psychology literature on lay persons’ risk assessment prac-
tices and behavior in the presence of risk clearly indicates that this process



must be described within a behavioral model of individuals’ decisions. This
makes it reasonable to expect that the weights an individual would attach to
each type of information would depend on how he values the outcomes at risk,
as well as how he perceives the relative precision of the new information in
relation to his. prior beliefs.*

Equation (4.1) describes the basic Bayesian model for radon risk percep-
tions.

L
SRISKF. = a + b SRISKB. + ¢ Radon. + I d
J J J k=1

X . 4.1
e (4.1)

k™kj

where

SRISKBJ, SRISKFj = the subjective risk perceptions of individual |
at the time of the baseline and followup surveys,
respectively.

individual j's radon reading

Radonj

xkj; (k=1,L) = the set of independent variables, including the
gualitative variables (COQUANT, COQUAL, CAQUANT,

CAQUAL, EPA) describing the type of information
individual j has received, as well, as other char-
acteristics of each respondent.

a random error

o
.
1

a, b, c, dk = the parameters of the model.

Table 4-7 reports three specifications for this basic model estimated
with ordinary least squares (OLS). These models are representative of a wider
range of results with similar estimates. Model 1, the simplest version,
assumes that the radon reading is the only source of new information. Model 2
includes the information brochures (with the fact sheet the omitted category)
along with the radon reading. Model 3, the more general model, includes prior
risk perception information and individual characteristics as potential deter-
minants of perceived risk. The estimated effects for prior risk perception
and radon reading are quite stable across alternative specifications of the
more general version of the Bayesian model. Both variables have significant
estimated parameters.

Generally the models do not explain a lot of the variation (as measured
by R2 )in our index of posterior rlsk perception. There are several reasons
for not devoting much attention to R2 as an index of goodness of fit for these
relationships.. First, the models are estimated for a categorical variable --

*See Smith and Johnson [forthcoming] and Smith and Desvousges [1986] for
a more detailed development of this point. In the first case, the analysis is
used to propose a general, reduced-form model for describing the risk percep-
tion process.
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TABLE 4-7. RADON RISK PERCEPTION MODELS

Models
Independent

variables i 1 2 3
INTERCEPT .1591 .1798 4472
(14.137) (12.082) (7.034)
SRISKB 2192 2176 .1840
(e.280) (8.215) (7.440)
RADON : .0135 .0147 .0132
(5.403) (5.706) (4.286)
AGE — —_ —.0008
(-1.485)
DOCTOR — — .0331
(2.055)
UNDLIFRISK — — .0003
0.013)
TIME READING — - .0006
. (1.922)
YEARS AT ADDRESS —_ - —.0001
(-0.642)
HEAR - — -.0033
. (-0.242)
SEX —_ I -.0029
{-0.203)
EDUCATION - — -.0108
(-3.804)
UNDLIFMITIG - - .0380
(1.551)
RACE - - -.1099
(~3.041)
MATH - - .0040
(0.281)
EXPERT - - . 0060
{0.388)
COQUANT — -.0505 —.0900
(-2.407) (-2.779)
COQUAL - —.0095 -.0576
_ (-0.438) (-1.178)
CAQUANT - -.0539 - .0058
(-2.541) (-3.009)
CAQUAL —_ -.0296 -.0705
, (-1.382) (-2.116)
EPA -_ ~-.0057 -.0521
(-0.260) (- 1.530)
UNDERSTAND * RADON — _ 0019
: (0.402)
n 1,465 1,465 1,417
R? 074 .081 100
F 58.649 18.400 7.798
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seriousness of personal risk based on a 1-to-10 scale. Although the variable
has been rescaled to the 0 to 1 interval, it is not continuous and offers at
best an ordinal index of probability. Based on the extensive literature on R
for models with qualitative dependent variables, it will not perform in the
same way that it would with continuous random variables. Second, even if the
first problem were not present, R2 is generally low in cross-sectional sam-
ples.

Finally, the risk perception process is a “noisy” one. To be able to ask
about people’s risk perceptions we have introduced problems with our models
(i.e., created an ordinal variable, bounded between 0, 1) in order to enhance
our ability to elicit their risk perceptions in a telephone interview. This
will make it more difficult to interpret the weights in the Bayesian model.
They reflect the index used to make risk perceptions more easily reported as
well as the correct perceptions. The discrete nature of our index makes it
difficult to predict actual risk perceptions accurately. Nonetheless, our
findings suggest that the noise in the perceived risk index has not impaired
our ability to evaluate potential determinants of those perceptions.

Several overall conclusions hold across all models:

. The models provide support for the Bayesian formulation of the
risk perception process: respondents updated their risk per-
ceptions in a rational fashion. There was a strong positive
relationship between the radon reading and respondents’ risk
perceptions stated in the followup survey. This contrasts
sharply with the Weinstein, Sandman, and Klotz [1987] findings
noted earlier.

. Information treatments significantly affected risk perceptions,
with the NYSERDA brochures leading to lower implicit sample
risks for a given radon reading than the fact sheet.

. The quantitative versions of the NYSERDA brochures reduced
perceived risk relative to the fact sheet and had the largest
effects.

. The EPA Citizen’'s Guide had a negative estimated coefficient,
implying a lower implicit sample risk, but it was not signif-
icant.

. Individual characteristics affect how homeowners updated their

risk perceptions. This is especially true for education, the
gqualitative variable indicating respondent’s interest in
health, and race.

The information effects are included in the Bayesian model using qualita-
tive variables. By assuming these qualitative variables shift the intercept
of the model, we imply that the information treatment affects a respondent’s
perception of the risk message contained in the information materials. We
refer to this perception as the “sample risk” because it is analogous to new
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information obtained by sampling from a probability distribution. To illus-
trate this point, consider a simple description of the model that assumes the
posterior risk perceptions, SRISKF, are a weighted average of prior risk
perceptions, SRISKB, and the perceived risk message in the information (i.e,
the sample) provided to the individual. We shall designate this as SRISKS.
Because the weights sum to one, the basic model must satisfy two equations:

SRISKF = W

B SRISKB + WS SRISKS (4.2)

1=WB+ s - (4.3)

As in the Viscusi-O’'Connor [1984] model, the variable SRISKS is not observed.
However, the Bayesian model implies that the respondent’s interpretation of
the radon reading and information materials leads to the formulation of a
value for SRISKS. For the simple form, we estimate a model as in (4.4) below

SRISKF = a, + «,SRISKB . (4.4)

0

This formulation implies that the sample risk each individual imputed to the
new information was constant (i.e., ag = WSSRISKS). By introducing variables
that shift the intercept for a given level of SRISKB, we allow the implicit
sample risk to be a function of the information materials that were received.
To include an individual’s characteristics, as well as the information materi-
als, complicates matters. If | designates an information variable, and C a
variable relating to an individual's characteristics, the extended model is
given by (4.5) and the implicit sample risk and its weight by (4.6)

SRISKF = e, + a; SRISKB + a2I + a3C (4.5)

Wg SRISKS = a, + a1 + a,C . (4.6)

To recover an estimate of SRISKS, we used the restriction on the weights for
the two types of information affecting the posterior risk perceptions. aj is
an estimate of Wg. Using (4.3) and (4.4) we can estimate Wg as 1 - a1 and
thereby recover an estimate of SRISKS from (4.6) as:

0* aQI + a3C

1 - al

a
SRISKS =

(4.7)

This implies that all variables specified to enter in additive form

(i.e., not interacted with the prior risk, SRISKB) will affect the model’s
estimate for the SRISKS. Using the general form of our model as given by

Equation (4.1), the relationship is:

a+c RADON. + L d X .
by Kk
SRISKSj = T ) (4.8)




To illustrate, consider the estimates in Model 2 of Table 4-7 and assume
the radon level is at the EPA action guideline of 4 picocuries per liter.
Households receiving the fact sheet, at this radon level, would attribute an
implicit sample risk index of .305 to the information they received. In con-
trast, those receiving either quantitative version of the NYSERDA brochures
would attribute about a 20 percent lower risk.to that information. Undoubted-
ly, this specification is too simplistic. Both the information treatments
received and the respondents’ characteristics should be considered. In prin-
ciple, we would have a different implicit sample risk for each respondent. We
have estimated these risk messages and use them in our overall evaluation in
Chapter 6.

Before concluding this section, we can outline some possible refinements
of the analysis. First, our estimates may be biased because of selection
effects caused by omitting the respondents who answered “don’t know” to either
the baseline or their followup risk-perception questions. This decision was
necessary for estimating the Bayesian model. At the beginning of this chap-
ter, we noted that the “don’t know” responses are an important segment of the
sample, accounting for about 25 percent of the sample. Moreover, the change
from the “don’t know” response to a specific risk perception in the followup
survey represents one of the most important responses to the information pro-
vided. Some preliminary probit models for the "don’'t know" response in the
baseline survey indicate a relationship between that response and various
characteristics of the respondents. This could be a source of bias in our
estimates of the effects of these variables and, potentially, the radon and
information variables.

A second issue involves changing the type of estimation approach. For’
example, the perceived risk variable is censored at zero and one because of
the question design. However, our statistical tests for significance of the
parameters with OLS assume that this variable is normally distributed. A
maximum likelihood estimator is warranted to account for this feature of the
dependent variable, but our previous experience with even smaller samples
suggests that the nature of our results is unlikely to change. However, the
numerical values of the estimated coefficients will change. This implies the
need for some caution when the magnitude of the imputed risks is considered.
These econometric issues represent an important source of qualifications to
these findings. However, we do not think reestimation with the appropriate
adjustments would substantively change our overall conclusions.

4.5 MORE EVIDENCE ON THE PLAUSIBILITY OF HOUSEHOLDS' SUBJECTIVE
RADON RISKS

Additional evidence on the plausibility of homeowners’ perceived risks
from radon, and the effect of information on these perceptions, can be gained
from a somewhat different perspective: assessing the ability of households to
advise others about potential risks from radon. Moving away from a homeown-
er’'s personal risk allows us to consider a wider range of potential risks than
was possible with the actual radon readings. If people correctly processed
the information from the various information materials, they should be able to
inform others about how serious the risks would be from a particular level of
radon exposure.
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We asked each household to describe how they would advise a family in
their neighborhood, using the following question:

Now, I'd like to ask you about advising a family in your neighbor-
hood on whether to reduce radon levels in their home. Suppose your
neighbors were told that their reading for the winter months was
(READ CIRCLED NUMBER) 3 4 5 8 10 15 20 30 50 75 picocuries
per liter. Would you advise them to reduce their radon levels?

A radon level was randomly assigned to each respondent.

At this point, our analysis of these responses has considered two
issues -- the advice to act and the proposed timing for action. We used a sim-
ple probit model to describe the likelihood of a homeowner advising a neighbor
to act. Independent variables in the model include the radon reading in the
neighbor's home (NRADON), the information materials the homeowner had
received, and a selected set of variables that were important in the previous
probit model. Our main hypothesis is a simple one: If people understand the
risks from radon, the likelihood of advising neighbors to act should increase
with the level of radon.

To analyze how soon the homeowner thought his neighbor should act, we
specified an appropriate response for the timing based on the timing of
actions described in the brochures. The probit model considers whether home-
owners gave appropriate advice to their neighbors on how soon they should act
(TIMEOK = 1). The probit model includes the radon reading in the neighbor’s
home, the information treatment and a selected set of other variables describ-
ing the individual's understanding of risk and socioeconomic characteristics.

The models for TIMEOK face the same problems as our analysis of homeown-
ers’ use of the risk charts with their personal radon readings. They assume
each individual used the standard situation described in the brochures, even
when the cajole variant of these brochures encourages adjustment for personal
circumstances. In addition, we believe the definition of appropriate timing
based on what is in the brochures is more arbitrary. There was no specific
schedule presented, so there is more scope of individual adjustment. For
these reasons we have used “appropriate” to describe the responses, rather
than "correct.”" Table 4-8 lists the criteria for the appropriate time
schedule for mitigation. It is based on our judgmental interpretations of the
EPA Guidelines.

Our basic hypothesis for the “appropriate” timing responses is: The
likelihood of an appropriate answer should increase with the level of radon.
While there could be legitimate disagreement about the criteria at low or
moderate radon levels, almost everyone agrees that at very high levels people
should take actions as soon as possible. In further investigations, it would
be possible to examine other criteria to see if the results changed. Overall,
the results in Table 4-9 strongly support our hypotheses: The higher the
level of radon depicted in the neighbor’'s home, the more likely homeowners are
to recommend action be taken, and the more likely they are to correctly advise
their neighbor on how soon something should be done.

4-21



TABLE 4-8. DEFINITION OF APPROPRIATE TIME SCHEDULE
FOR MITIGATION IN ADVICE TO NEIGHBOR

Radon reading (R) Timing
R<4 Within the next few years
4<R<20 Within the next year
20<R<30 Within several months
30<R<50 Within several weeks
50<R As soon as possible

4-22




TABLE 4-9. PROBIT RESULTS ON HOMEOWNERS’ RECOMMENDATIONS TO NEIGHBORS

Should neigh itigate?
o “f;,‘-:,ﬁ‘,’é{“ e Did the homeowner
Independent . : correctly interpret severity? -
variables Model 1 Model 2 (TIMEOK)
INTERCEPT 2011 3298 -1.9728
(0.948) (1.301) (—5.785)
NRADON .0065 .0064 0250
(3.933) (3.922) (13.697)
EDUCATION - 0277 .0240 0437 .
(1.881) (1.617) 2.277)
AGE —— -.0025 -.0061
(-1.026) (~1.467)
TIME READING — .0016 .000003
(0.873) (0.001)
HEAR 1110 1125 .0379
(1.587) (1.621) (0.415)
YEARS -.0030
(~0.609)
DOCTOR — .0300 -0.392
(0.382) (-0.381)
COQUANT -.5036 1307 1481
(-3.252) {1.123) (0.634)
COQUAL -.5719 .0526 .0985
(-3.710) (0.454) (.0419)
CAQUANT - .5875 0121 .1635
(~3.935) (0.167) (0.697)
CAQUAL -.6757 .0062 5316
(—4.265) (0.073) (2.296)
EPA -.7492 -.0773 1569
(-4.731) (-0.669) (0.645)
UNDLIFRISK .4063 - -.1847
(3.416) — (- 1.094)
UNDLIFMITIG 3939 - .0840
(3.354) - (0.462)
Log (L) -866.58 -884.36 -496.17
n 1,726 1,726 1,312
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Several other interesting findings can be gleaned from the advise-
neighbor results. All else equal, homeowners who think lifetime risk is a
useful way to understand the risks from radon are more likely to recommend
that their neighbors take action. The same is true for those who think that
mitigation decisions are easier to understand with the lifetime risk concept.
More educated homeowners also are more likely to recommend actions.

Two probit models are presented for the “advise neighbor” decision
because we found that our conclusions were quite sensitive to the final speci-
fication. Comparing Models 1 and 2 in Table 4-9, we see that our conclusions
on the importance of information treatments depend on whether the two qualita-
tive variables -- based on whether homeowners felt that the lifetime risk con-
cept was helpful to their evaluation of risk and mitigation decisions -- were
included. There were both sign changes and no significant relationships
between the information variables and the likelihood of advising a neighbor to
take some action when these variables were dropped from the model. Both of
these variables were significant determinants of the likelihood of a homeown-
er's recommending action, so the interrelationship is understandable, but
surprising because of the striking nature of the changes. We would expect
that the information materials affected a homeowner’s understanding of these
lifetime risk concepts too. Nonetheless, this sensitivity is an issue that
deserves further attention.

The probit results for recommendations on how soon a neighbor should take
action, which are not sensitive to model specification, provide one interest-
ing contrast to the results on recommending mitigation. Homeowners who
received the cajole/qualitative version of the NYSERDA brochure are more
likely to make recommendations consistent with our definition of the appropri-
ate timing. This version, which uses the three colored columns to illustrate
the difference between annual risks and lifetime risks, also was more effec-
tive in helping people make the fundamental distinctions in key risk concepts.
(Recall Figure 4-1.) Our results imply that this information format and tone
were more effective than the command versions, which gave explicit action
guides. Although the cajole/quantitative version gave the same information,
the numerical table format appears to have been less effective in helping
people understand lifetime versus annual risks.

Additionally, the level of the radon reading is a positive and signifi-
cant influence on the likelihood of a correct answer, which is consistent with
our hypothesis. While age was not a significant determinant, it does reduce
the probability of a correct recommendation. In contrast, higher levels of
education increase the probability. This is consistent with our earlier

results.
4.6 CONCLUSIONS

In this chapter, we have undertaken several complementary analyses to
address the fundamental question that Milton Russell [1986] raised, “Do the
right people worry and the others stop?” Based on the results from the
Bayesian models that view people as systematically updating their risk percep-
tions, and the ability of homeowners to advise their neighbors about radon, we
find that the answer is “yes.” Unlike Weinstein, Sandman, and Klotz [1987]
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who found no simple association between perceived and technical risks, our
results show people’s perceptions generally change in the appropriate direc-
tion in response to information on radon risks. While the direction of change
is consistent with rationality, we also find that the adjustments are far from
perfect, with some groups having more difficulty assessing their risks from
radon. Older people and less educated people were less likely to process risk
information correctly. The same was true for homeowners who received the fact
sheet about radon.

More specific conclusions from this chapter include:

. People used both the reported radon reading and information
materials in forming their current risk perceptions.

. Households updated their risk perceptions systematically in
response to new information. A simple Bayesian model that
describes the relationship between current subjective risk
perceptions, earlier perceptions, and information performed
guite well. The information brochures substantially affect the
updating process: people who received the quantitative ver-
sions of the brochures have lower subjective risk perceptions
when compared to those of people who received the fact sheet.
The EPA Citizen's Guide and the qualitative versions of the
NYSERDA brochures did not change the updating process over that
implied by the fact sheet.

. People were able to offer their neighbors sound advice about
mitigation. For higher radon levels, they were more likely to
recommend actions be taken, and they were likely to recommend
they be taken in the “appropriate” timeframe.

. People who received the cajole/qualitative brochure, which
included a risk chart with three colored columns to differen-
tiate lifetime and annual risk, were better able to distinguish
these risk concepts. They also were more likely to recommend
that their neighbors take mitigation actions in the appropriate
timeframe. Apparently, these people were able to use what they
learned in forming the advice they would give to others.

. The results show homeowners had some difficulty processing the
information in the risk charts. Homeowners with higher radon
levels were more likely to recall the location of their radon
reading incorrectly than homeowners with lower levels. Home-
owners receiving the EPA Citizen's Guide also were more likely
to incorrectly recall their location. These results are
preliminary because our analysis has not distinguished whether
the mistakes were overstatements or understatements.
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CHAPTER 5
THE DEMAND FOR RADON INFORMATION

5.1 INTRODUCTION

This chapter evaluates the demand for radon information using two comple-
mentary approaches. The more analytical approach uses a discrete choice model
to estimate the demand for the services of a radon diagnostician. In the
followup survey, we asked respondents whether they would pay for the services
of someone who would diagnose the source of their radon problems and make
mitigation recommendations. The questions required a yes/no answer to the
offer of these services for a price that was randomly assigned across respond-
ents. Such a question illustrates the value of hypothetical questions when
they address important issues in ways that are relatively easy for respondents
to answer.

The second approach for analyzing radon information addresses alternative
radon communication channels. This approach combines descriptive and analyti-
cal techniques in assessing homeowners’ expressed preferences for longer bro-
chures, town meetings, and other communication channels. This analysis also
follows up on groups of respondents who did not know where to turn for more
information in the baseline survey and tracks the sources of information
respondents have used.

5.2 RADON INFORMATION DELIVERY MODEL

The principal agent model provides a convenient framework for addressing
the importance of radon information delivery. Economic applications of the
principal agent model usually involve situations where consumers have incom-
plete information and must rely on an expert’s services.* Analysts have used
the model to understand how people negotiate arrangements for the sale of
houses, sophisticated products, auto repair, and health services. All these
situations involve incomplete or very technical information that complicates
and may even preclude a consumer’s evaluation of the commodity or service.
For example,.the principal (patient) constructs his demand for health services
based on the advice provided by the agent (the physician). The consumer
recognizes that the agent may provide both essential information for his

*An outline of the theoretical features of this type of model can be
found in Ross [1973]. It has been suggested for a wide array of applications.
One of the earliest was Feldstein’s [1974] proposal that it be used to
describe the physician-patient relationship in the demand for medical ser-
vices.
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demand decisions and the services themselves. Consequently, the theoretical
literature focuses on mechanisms to enhance the compatibility of incentives
for the principal and agent that would ensure efficient resource allocation
decisions.

We adapted the principal agent framework.to investigate the importance of
how radon information is delivered to the household. We developed an ideal
agent: a State-licensed radon expert who would provide the homeowner (the
principal) with information on the source of his radon problems, help plan
mitigation, and assist in finding a qualified contractor. The diagnostician,
however, would have no economic stake in the homeowner’s decision -- he would
recommend actions based on a flat fee, which would be paid regardless of
whether the homeowner decided to follow the recommendations. An independent
contractor would actually implement the decisions, not the diagnostician.
Separating the diagnostician’s role from actual mitigation eliminates any
incentive for strategic behavior. This separation also eliminates the need to
impose a sharing of the risks between the homeowner and diagnostician that
could arise from the latter’s actions. (See Stiglitz [1974] and Shavell

[1979].)

The followup survey gave homeowners a hypothetical opportunity to pur-
chase the services of the ideal information agent -- the radon diagnostician.
The interviewer described the diagnostician as follows:

Suppose a qualified and State-licensed person in your area would
diagnose how radon was getting into your home. He would also help
you decide what to do about it and where to find a qualified con-
tractor. If the full cost of this service was [one of the following
valued was randomly selected and read to each respondent: $25, $50,
$100, $150, $250, $400], would you purchase the service?

Compared to open-ended valuation questions, this type of closed-ended, yes/no
format offers a more familiar choice situation and may require less informa-
tion processing. It is also more amenable for use in a telephone interview.*
Recently, analysts have used similar questions in a wide range of successful
applications. (See Bishop and Heberlein [1979], Hanemann [1984], and Cameron
and James [1987] for further discussion.)

The responses to such questions can be analyzed in many ways. The most
common assumes that consumers compare the level of utility of not purchasing
the service and not paying the fee with the utility of paying the fee and
getting the service.t In technical terms, the process involves describing the
outcome of the choice process as stochastic indirect utility functions that
characterize consumer well-being under each decision. The random component
may enter the utility function for various reasons. For example, people’s

*See Smith and Desvousges [1986], especially Chapter 6.

TThe remainder of this section contains the more technical details of the
model. Readers interested in our findings can turn directly to page 5-5.
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incomes (or any other factors that affect preferences) may be uncertain when
the decision must be made. Alternatively, the analyst may introduce the
stochastic element because of the inability to observe all factors that influ-
ence an individual's decisions. This could cause the parameters in the con-
straints to individual choices -- prices, incomes, or timing -- to be specified
incorrectly. Incomplete information on an individual's characteristics that
affect choices also may account for the random errors. Measurement errors are
another possible source of the stochastic elements, as are combinations of any
of these reasons.

For the analysis of radon diagnostician choices, we assume that a per-
son’s utility function includes two parts: uj(®) designates the observable
part and e; (*) the stochastic part. We also assume that these stochastic
terms (e;) arise from both measurement error and our inability to completely
observe all of the individual’s characteristics (or constraints) that might
affect the decision. This second assumption simplifies how we interpret meas-
ures of people’s well-being derived from the estimates of the indirect utility
function.

For this analysis, we assume linear, state-dependent utility functions
with two possibilities:

State Utility
Purchase services of Up = up + ep = ap + bp(y—C)

radon diagnostician + de + €p

Refuse to purchase services UR
of radon diagnostician

UR + eR = aR + bRy
+ dpZ + eR

y designates household income; ¢ the proposed fixed fee for the agent’s
services; Z is a vector of variables that influence the household in one or
both states; aj, bj, and d; are parameters of the two utility functions. The
exclusion of particular variables in either state-dependent utility function
can be handled by specifying that elements in the parameter vectors dp or dR
are zero.

Applying this model to the choice of a radon diagnostician’s services, a
homeowner decides whether to purchase the service by comparing the total util-
ity in each of the two possible states as in Equation (5.1). He will purchase
the service if his utility is greater for the purchase

up(-) + ep(.) - (wR(.) + er(:) ) >0 . (5.1)

By replacing the nonstochastic component uj(*) with a linear function, we can
describe the probability of a household purchasing the services of the hypo-
thetical radon diagnostician as in Equation (5.2)

Prob (purchase diag-

nostic services) = Prob (eR' °p Ca+fy-7¢c+61) (5.2)



where

ﬁ':bp‘bR
7 = bp
6 =dp - dr

Assuming that eR - €p follows an independent standard normal distribution (or
a normal with variance, 0'2, when we are interested only in estimating the
parameters of uj (.) relative to 6), we can use the probit technique to esti-
mate the parameters of the nonstochastic indirect utility functions. Then we
can use these parameters to estimate the maximum amount homeowners would pay
for the radon diagnostician service.

Assuming a linear nonstochastic utility function in this discrete choice
framework simplifies the interpretation of welfare measures. Hanemann [1984]
defines three possible welfare measures:

N The expected value derived from the distribution for the maxi-
mum willingness to pay

. The value of the payment for the services that would equate
expected utilities under the two decisions

. The payment that would make the individual indifferent, in
probability terms (probability = 1/2), between having the ser-
vice or not.

All three of these measures are equivalent for a linear utility function.
This would not be true for nonlinear specifications.

A fourth welfare measure can be defined by interpreting the consumer’s
decision process differently. Instead of assuming homeowners compare the
values for the indirect utility function in making their choices, we could
assume the choice is based on a comparison of the inverse demand function.with
the stated price. (See Cameron and James [1987].) This approach generally
leads to a different estimation approach, but the linearity assumption implies
it would yield identical estimates of the maximum willingness to pay for the
services of the radon information agent.* Thus, our specification simplifies
the issues associated with selecting a welfare measure and should be regarded
as a convenient approximation.

*If it is interpreted as a partial equilibrium inverse demand function,
then the homogeneity conditions typically imposed on an indirect utility
function would not be used. Of course, the interpretation of the benefit
estimates would also be different in this case.



The maximum willingness to pay, c*, can be found by solving the expected
value of Equation (5.1) for c¢c. This is the amount of fee for the diagnosti-
cian that would equate the expected utilities in the purchase/no purchase
states. It is given as

(a - ag) + (b_ - bp)y + (d - dg)Z
p p v p (5.3)

c* =

This can be expected to exceed the stated prices proposed to homeowners
purchasing the service because this condition defines our estimates (see Equa-
tion (5.2)). This implies that the willingness to pay of nonpurchasers was
less, on average, than the offer prices. To illustrate this point, we have
reported c* for both purchasers and nonpurchasers.

5.3 WILLINGNESS TO PAY FOR RADON INFORMATION
To estimate the model we used data from both the baseline and followup

surveys of the monitored households. Our empirical model is summarized in
Equation (5.4)

77 = ¥ (INCOME;, PRICE;, RADON;, Z;, BROCHURE;) + €; (5.4)
where
7y = an indicator variable taking on the value of one when the ith
respondent states he will purchase the service and zero other-
wise
€ =

the ith radom error which is interpreted as the difference in
state-specific errors (see Equation (5.2)).

This model implies that income, the proposed cost of the service (PRICE), and.
the measured level of radon (RADON) would be potential determinants of a
household’s decision. The vector Zjincludes the various socioeconomic,
information, and attitudinal variables that might influence the homeowner’s
choice. The model also includes variables to reflect the potential effects of
the type of information (BROCHURE) each household received to help them inter-
pret their findings.

Economic theory does not provide clearcut guidance on which household
characteristics or attitudes should be important in this purchase intention
decision, but it does provide some general evaluation guidelines for variables
such as prices and incomes. Considering a wide array of models allows us to
gauge the sensitivity of our results to alternative household characteristics
or attitudes. Our results generally are not sensitive to the specification
chosen, and the estimates of homeowners’ willingness to pay for the services
of a radon diagnostician are quite robust. Table 5-1 defines the variables
considered in this part of the analysis, listing the names used in subsequent
tables.
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TABLE 5-1. DESCRIPTION OF SOCIOECONOMIC, ATTITUDINAL,
AND TECHNICAL VARIABLES

Variable/name Description

RADON The 2-%2 month reading for radon concentration in picocuries per liter. An average value is
used for those households with multiple short-term monitors.

PRICE Proposed one-time cost of the services of the radon information agent: values were
selected from $25, $50, $100, $150, $250, $400.

INCOME Household income before taxes.

AGE Age of respondent.

EDUCATION Years of education completed by respondent.

NEED HELP A qualitative variable (0,1) for respondents who indicated on the baseline survey that they

did not know which government agency to turn to for help and additional information on
radon (=1 if they do not know).

DOCTOR Attitudinal variable (0,1) from the baseline survey = 1 if a respondent indicated that the
statement “you always ask your physician a lot of questions or regularly read articles about
health” described himself very or fairly well.

WAIT Attitudinal variable (0,1) from the baseline survey = 1 if statement: “you usually wait until
you have a lot of information before you decide to buy something new like an appliance”
described himself very or fairly well.

MATH Attitudinal variable (0,1) from the baseline survey = 1 if statement: “you are used to
working with numbers or math because of your job or some other interests” described
himself very or fairly well.

EXPERT Attitudinal variable from the baseline survey = 1 if statement: "you often question
information from experts or other authorities” described himself very or fairly well.

HEAR Qualitative variable (0,1) from baseline survey = 1 if respondent had heard or read about
radon in last 3 months.

TIME READING The number of minutes the respondent reported reading the materials explaining how to
interpret the radon readings (in the followup survey).

UNDERSTAND Qualitative variable (0,1) from followup survey = 1 if the individual correctly located his
reading on the risk charts provided in the brochures designed by the project or in the EPA
Citizen’s Guide;

COQUANT Qualitative variable (0,1) = 1 if respondent received the brochure with command and
quantitative design features.

COQUAL Qualitative variable (0,1) = 1 if respondent received the brochure with command and
qualitative design features.

CAQUANT Qualitative variable (0,1) = 1 if respondent received the brochure with cajole and
quantitative design features.

CAQUAL Qualitative variable (0,1) = 1 if respondent received the brochure with cajole and qualitative
design features.

EPA Qualitative variable (0,1) = 1 if respondent received the EPA Citizen’s Guide.

UNDLIFRISK Qualitative variable (0,1) = 1 if respondent strongly agreed or agreed that the use of radon
risk as a lifetime risk made it easier to understand personal radon risks.

UNDLIFMITIG Qualitative variable (0,1) = 1 if respondent strongly agreed or agreed that the use of radon
risk as a lifetime risk made it easier to decide on mitigation to reduce radon levels in the
home.
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Our empirical estimates are derived from a probit estimator that is well
suited for analyzing discrete choice questions. Table 5-2 reports the results
for five models, which differ according to variables used to explain home-
owners’ intended purchase decisions for the radon diagnostician. We evaluated
all of the variables shown in Table 5-1, and the models reported in Table 5-2
are a representative sample of these results.

Model 1 is a “barebones” model that includes only the basic economic
variables -- the stated price for the diagnostician’s services and the house-
hold’s family income -- and the level of radon measured in the home. The price
and income variables are clearly statistically significant determinants of the
stated purchase decisions. Both have the expected effects on the likelihood
of a homeowner purchasing the diagnostician’s services -- at higher prices home-
owners are less likely to purchase the service and homeowners with higher
family incomes are more likely to purchase the service than those with lower
incomes. Note also that the coefficient for the price variable does not
change across the various model specifications, indicating a stable relation-
ship. The coefficient for income changes somewhat in some specifications,
suggesting that the income variable is reflecting the influences of other
closely related socioeconomic variables (e.g., education).

In the barebones model, the level of radon in the dwelling does not sig-
nificantly affect the likelihood of a homeowner purchasing the services.
Homeowners with high radon levels are no more likely to purchase the services
than those with low levels. Model 3 uses qualitative variables to measure the
differential effect of each type of information treatment relative to the
omitted type -- the fact sheet. None of the estimated parameters for the infor-
mation treatments is statistically significant in this simple model.. However,
including other attitudes, knowledge, and measures of the difficulty in read-
ing the materials begins to lead to a clearer pattern.

By interacting the qualitative variables for the information brochures
with the measured radon level, Model 5 shows that homeowners receiving the
alternative information treatments are less likely to purchase the diagnosti-
cian’s services than those in the fact sheet group who have the same radon
level. Even more important, the positive and significant coefficient for the
variable, RADON, implies that homeowners in the fact sheet group with higher
radon levels are more likely to purchase the services, even though these
higher levels all are less than 1 picocurie per liter.

This conclusion follows from examining the joint effects of the radon
reading and information brochure. For example, an individual receiving the
fact sheet exhibits an increase of .2884 in the index variable, 7, that is
associated with his likelihood of purchasing the services for each picocurie
of radon measured in his home. In contrast, had that individual received any
of the brochures, the change in the index would be negligible (and by implica-
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TABLE 5-2. PROBIT ESTIMATES FOR DECISION TO PURCHASE SERVICES

OF RADON DIAGNOSTICIAN?

Models
Independent .
variablesP 1 2 3 4 5

INTERCEPT .0565 4836 4716 2303 1376
(0.670) (3.134) (3.001) (1.358) (0.794)
PRICE -.0023 - .0023 - 0023 —.0023 -.0023
(~9.083) - (-9.130) (~9.146) (~9.087) (—9.044)
INCOME 54x107° 37x107° 43%107° 37x107° 40x107°
(2.729) (1.778) (2.090) (1.793) (1.904)
RADON .0085 .0092 0132 0187 2884
(0-756) (0.813) (1.126) (1.340) (2.290)
AGE - - .0067 ~.0067 — 0074 - .0072
(—2.849) (-2.851) (-3.128) (~3.052)
RADON * COQUANT - - —.0883 - -.2776
(—0.836) (~2.200)
RADON *COQUAL - - ~.1500 - -.2808
(-1.378) (-2.231)
RADON *CAQUANT — — —.1497 - - 2611
(~1.432) (-2.071)
RADON *CAQUAL — - ~.0926 - —.2231
(-0.882) (- 1.781)
RADON *EPA - - —.0049 - - .2859
(-0.045) (-2.266)
NEED HELP - ~.1401 - -.1160 -.1131
- (-2.113) (- 1.723) (- 1.675)
DOCTOR - - - 2523 2497
(3.328) (3.288)
HEAR — - - .1001 .0992
- - - (1.515) (1.495)
TIME READING - - - 0018 .0029
(1.176) (1.806)
UNDERSTAND * RADON - - - -.0366 -.0276
(- 1.737) (-1.254)
n 1,571 1,571 1,571 1,571 1,571
Log (L) -1,034 -1,028 -1,029 -1,019 ~1,015
X2 92.98 105.44 104.58 123.23 131.05

@Numbers in parentheses below the estimated coefficients are the ratios of these coefficients to the estimates of their asymptotic standard

enors.
b

n designates sample size, log (L) the value of the log-likelihood function at the calculated maximum, and X2 the chi square statistic for
the null hypothesis that none of the independent variables affected the choice.

The coefficients for the information treatments dummy variables in this mode! are not interacted with the radon measurements.
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tion his probability of purchase) for increases in radon reading.* Any one of
the brochures offsets the effects of the higher radon levels. This finding is
consistent with those in Chapter 4, showing that homeowners receiving the fact
sheet remained concerned about the level of radon in their homes. These home-
owners want to find out more about radon, compared with their counterparts who
received information brochures.

The findings about attitudinal and socioeconomic influences in Model 4
are similar to those for the risk perception models in Chapter 4. For exam-
ple, homeowners who regularly ask their doctors a lot of questions (i.e.,
DOCTOR=1) are more likely to express a purchase intention. Homeowners who
spent more time reading their brochures (TIME READING) are more likely to want
the diagnostician’s services. As noted earlier, this variable could be serv-
ing as a proxy measure of the homeowner’s difficulty in interpreting his radon
information. The estimated negative effect of radon readings for those who
apparently understand how to interpret them, while only significant at about
the 10-percent level, reinforces this interpretation. This effect is captured
in the model as the product of the radon measurement (RADON) and the qualita-
tive variable (UNDERSTAND) that describes the ability of respondents who
received the radon brochures to use them correctly. That is, they could find
the general location of their radon reading on a risk chart and then recall it
during the followup interview. The negative coefficient for this variable in
Model 4 indicates that homeowners who used the information in the radon bro-
chures more effectively are less likely to want the additional assistance from
a diagnostician. Most of the results for socioeconomic and attitudinal vari-
ables are upheld with the most detailed model, although in some cases, notably
the UNDERSTAND variable, they do not remain significant determinants of the
purchase decision.

The results show that older respondents are less likely to want the ser-
vices of a radon diagnostician, even when differences in income, education,
and other characteristics are considered (results for these models are not
reported in the table but the conclusion holds). This suggests another dimen-
sion to the Chapter 4 findings that older respondents had difficulty with risk
information. Our focus group experiences and other studies suggest several
possible explanations for understanding these differences -- older people have a
greater tendency toward cognitive dissonance and are more likely to be
affected by the availability bias. (See Desvousges et al. [1984], Desvousges
and Cox [1986], Desvousges and Kollander [1986], and Slavic, Fischhoff, and
Lichtenstein [1985].) It is also possible that older respondents are less
likely to purchase these services on rational grounds. When considering their
life expectancy, the long latency nature of the health effects associated with
radon, and the costs of the services in relation to their means, a decision
not to purchase the services may be consistent with the expected benefits

*These marginal effects are not the changes in the probabilities of pur-
chase. These partial derivatives scale the relevant marginal effect on the
index by the value of the normal density function evaluated at the index value
corresponding to the values for the relevant independent variables. Nonethe-
less, if this index variable is essentially zero, the marginal effect on the
probability will also be small.
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relative to the expected costs. Because this is a direct implication of the
estimates, we consider below how the estimated willingness to pay varies
across alternative age groups. While we cannot isolate which reason accounts
for our findings, they do seem to suggest that a diagnostician may not be the
answer for delivering risk and mitigation information to older people because
they were less likely to want their services.

A somewhat surprising finding arises with the variable NEED HELP that
isolates respondents who indicated in the baseline interviews that they did
not know which government agency to turn to for more information. Our results
suggest that they are less likely to state purchase intentions for the radon
diagnostician. Although we expected them, on average, to want more radon
information, the radon diagnostician does not seem to be the vehicle for
delivering that information. Of course, it is also possible that the reason
they did not know where to turn is because they did not care enough about the
problem to find out.

As discussed earlier, the probit results can be used to estimate the
maximum homeowners would pay for the services of the radon diagnostician.
This was estimated separately for those stating that they would purchase the
service, shown in Table 5-3, and for those who indicated they would not (Table
5-4). The homeowners had to have reported complete information on the vari-
ables included in Models 1 and 5 (from Table 5-2). The tables group the
willingness-to-pay  (WTP) estimates by design point and include a selected set
of statistics to profile the individuals in each group.

Comparing across the tables, we find that purchasers have a higher wil-
lingness to pay for a diagnostician’s services than nonpurchasers. The dif-
ferences are more pronounced for the more detailed model (Equation (5)) that
accounts for a wider array of individual characteristics. This indicates that
factors other than those in the model may influence the decision to purchase.
There are some suggestive differences in these other variables. Mean income
levels seem to be higher for the purchasers than nonpurchasers. This group is
also more likely to state they would like more risk and more mitigation infor-
mation than the nonpurchasers. The average radon, readings for purchasers in
seven of the ten information design points seem to be higher than those of
nonpurchasers. These differences seem most pronounced for the groups with
readings of 1 picocurie or more.*

Tables 5-5 and 5-6 regroup the respondents by age classes and provide a
similar set of information on purchasers and nonpurchasers. Now, we find a
dramatic illustration of the effects of age that have been apparent in all of
the analyses. Within each group -- purchasers and nonpurchasers -- the average
willingness to pay for the services of a radon diagnostician is within the
earlier ranges until we consider those 65 or older. In estimates based on
Model 5, the willingness to pay for purchasers in the 45-to-54 age group
averaged $118, while nonpurchasers in this age cohort were willing to pay only

*These judgments are not based on statistical tests. Sample t-tests of
means are not relevant here because a stochastic behavioral process has led to
the sample definitions in each case.



TABLE 5-3. WILLINGNESS-TO-PAY ESTIMATES FOR RADON INFORMATION AGENT:

MEANS BY DESIGN POINT FOR PURCHASERS

Design point

Number

Description

WTP for radon agentb
(EQ1) (EQ5)

Mean
radon
reading

Mean
income

Need
help
(%)

More risk
information
desired
(%)

More
mitigation
information
desired
(90)

Heard

about

radon
(%)

10

Reading below 1 pico-
curie and information
fact sheet

Reading below 1
picocurie and
command/
quantitative

Reading below 1
picocurie and cajole/
quantitative

Reading below 1
picocurie and cajole/
qualitative

Reading below 1
picocurie and
command/
qualitative

Reading below 1 -
picocurie and EPA
Citizen's Guide

Reading 1 picocurie
or more and
command/quantitative

Reading 1 picocurie
or more and
cajole/quantitative

Reading 1 picocurie
or more and
cajole/qualitative

Reading 1 picocurie
or more and
command/qualitative

Reading 1 picocurie
or more and EPA
Citizen's Guide

209

42

39

35

67

59

55

106.80 151.97

108.96 100.21

97.50 96.51

108.20

123.19

114.27 100.70

96.88 75.83

110.10 91.84
119.48 138.69
105.17 169.14
118.88

115.36

107.93 106.51

0.57

0.60

0.60

0.49

0.59

0.55

3.21

3.22

3.37

3.23

2.69

34,127

35,000

30,128

34,857

37,279

29,943

31,375

35,357

29,029

35,085

31,273

39

36

31

37

83

39

32

41

37

80

67

74

70

73

71

7

82

71

82

83

82

75

78

€3

€8

76

55

57

56

51

56

57

52

59

45

49

56

a . . . .
n refers to the sample size used in calculating these means; we have included only those who intended to purchase and had no missing
bvalues for the independent variables in the relevant models.
Equation numbers refer to the models reported in Table 5-2.
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TABLE 5-4. WILLINGNESS-TO-PAY ESTIMATES FOR RADON INFORMATION AGENT:
MEANS BY DESIGN POINT FOR NONPURCHASERS

More
More risk mitigation  Heard
Design point WTP for radon agentb Mean Need information information about
radon Mean help desired desired radon
Number Description n?  (EQ1) (EQs) reading income (%) (%0) (%6) (%)

o] Reading below 1 pico- 234 97.75 124.73 0.53 30,341 42 70 64 47
curie and information
fact sheet

1 Reading below 1 48 95.02 45.46 0.53 29,166 42 50 58 48
picocurie and
command/
quantitative

2 Reading below 1 56 104.45 90.12 0.57 33,125 39 64 66 54
picocurie and cajole/
quantitative

3 Reading below 1 50 109.59 94.22 0.55 35,350 50 58 56 52
picocurie and cajole/
qualitative

4 Reading below 1 45 97.88 62.97 0.50 30,444 49 53 60 44
picocurie and
command/
qualitative

5 Reading below 1 44 95.84 57.69 0.55 29,488 52 55 64 53
picocurie and EPA
Citizen's Guide

6 Reading 1 picocurie 83 113.86 78.87 2.89 33,524 47 39 41 45
or more and
command/quantitative

7 Reading 1 picocurie 83 100.35 82.01 2.50 28,343 36 43 41 45
or more and
cajole/quantitative

8 Reading 1 picocurie 77 102.85 115.60 2.15 29,967 51 55 51 44
or more and
cajole/qualitative

9 Reading 1 picocurie 78 107.51 66.53 3.57 29,711 50 80 50 56
or more and
command/qualitative

10 Reading 1 picocurie 67 115.32 93.87 2.94 34,029 45 48 52 49
or more and EPA
Citizen’s Guide

21 refers to the sample size used in calculating these means; we have included only those who intended to purchase and had no missing
bvalues for the independent variables in the relevant models.
Equation numbers refer to the models reported in Table 5-2.
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TABLE 5-5. WILLINGNESS-TO-PAY ESTIMATES FOR RADON INFORMATION AGENT:
MEANS BY AGE CLASS FOR PURCHASERS

More
More risk mitigation Heard
WIPtorradonagent® Moo | Newd ilormaton ifernation  abou
Age (A) class n? (EQ1) (EQS) reading  income (%) (%) (%) (%)
18<A<30 74 100.98 177.76 1.51 30,168 47 80 77 53
30<AK45 294 116.61 152.66 1.67 36,581 39 61 63 59
45< A<5S 139 114.56 118.10 1.70 35,647 34 73 81 55
55<A<65 133 101.16 . 85.08 1.74 29,887 36 74 76 47
65<A 63 ~ 80.28 35.40 1.84 20,833 41 60 64 51

2n refers to the sample size used in calculating these means; we have included only those who intended to purchase and had no missing
bvalues for the independent variables in the relevant models.

Equation numbers refer to the models reported in Table 5-2.

TABLE 5-6. WILLINGNESS-TO-PAY ESTIMATES FOR RADON INFORMATION AGENT:
MEANS BY AGE CLASS FOR NONPURCHASERS

More
i ) More ri§k .mitigatic.m Heard
WP orradonagen® Mo Need nformation inforntion  sbou
Age (A) class n? (EQ1) (EQ5) reading  income (%) (%) (%) (%)
18<A<30 87 98.91 147.52 1.26 20,684 45 74 €0 45
30<A<45 330 112.60 134.40 145 35,212 42 63 62 53
45<AL55 152 112.19 85.03 1.54 34,901 42 50 49 46
55<A<E65 151 95.58 £8.38 1.59 27,748 44 48 54 48
65<A 145 82.45 9.01 194 21,603 55 42 45 42

1 refers to the sample size used in calculating these means; we have included only those who intended to purchase and had no missing
bvalues for the independent variables in the relevant models.

Equation numbers refer to the models reported in Table 5-2.
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$85 on average. In contrast, the average willingness to pay for purchasers in
the highest age group is $35 and only $9 for nonpurchasers.

All else equal, the model would imply (i.e., the negative coefficient for
age) that older respondents would be expected to pay less. However, this
rather striking reduction, especially among nonpurchasers, indicates that the
combination of older respondents’ characteristics together with their ages
makes them less likely to be willing to purchase these services for radon
information. Comparing the calculations from Equation (1) (with no socioeco-
nomic and attitudinal variables) with those from Equation (5) illustrates this
effect.

Given the latency period of the health effect and the life expectancy for
members of this group, this behavior could be consistent with rational behav-
ior on their part. However, this conclusion is not obvious. It is reasonable
to expect that knowledge of high radon levels in homes will affect the market
values of their homes. Thus, even if the direct personal benefits from miti-
gation are modest, given some bequest motives, it could still be rational for
older households to take mitigating actions. Thus, identifying the source of
these discrepancies could be quite important. If it is a rational response of
older respondents and not a failure of the information materials, it could
represent clear evidence of rational decisionmaking for activities involving
risk.

Turning to the specific effects of the information brochures, the results
for the homeowners expressing the intention to purchase who had received the
fact sheet are the most striking. With mean radon readings of slightly more
than one-half a picocurie per liter, the average value of the willingness to
pay for the 209 homeowners in this group was $152. These amounts are compa-
rable to homeowners receiving the radon brochures who had an average radon.
reading of at least 2.69, with the averages for most above 3 picocuries per
liter The fact sheet group had the second highest average WTP amounts among
all the design components, despite having very low radon readings. The home-
owners receiving the qualitative/cajole brochures (Designs 3 and 8) had the
highest willingness to pay among all the groups. In this group, the home-
owners below 1 picocurie were willing to pay between $108 and $123, and those
with readings above 1 picocurie per liter were willing to pay between $105 and
$169.

The same tendency for increased demands for information among those
receiving only the fact sheet (Design Point 0) was apparent with the nonpur-
chasers. The average of their willingness to pay exceeded the means estimated
for all respondents with readings of 1 picocurie or more.

Overall, the empirical results for the radon diagnostician models are
encouraging. The findings reinforce conclusions about risk perceptions “that
emerged in Chapter 4. Homeowners receiving only the fact sheet are concerned
about their radon levels and this concern reveals itself in their willingness
to pay for more risk information. Older homeowners may be responding ration-
ally to their situations or they may be experiencing more difficulty process-
ing risk information. Our findings clearly indicate that they are less likely
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to want the services of a radon diagnostician. Distinguishing which of these
explanations fits these responses is an important area for further research.

Finally, the statistical performance of the models is quite good, with
very stable estimates for the parameters and signs that are consistent with
economic theory. The WTP amounts estimated with the models also are plausible
and fall within a reasonably narrow range

5.4 RADON COMMUNICATION CHANNELS

In our baseline surveys, we asked homeowners where they would be most
likely to turn for more information about radon. Our objective was to assess
whether people had a clearly established channel in mind for acquiring infor-
mation about radon.

Figure 5-1 shows that over 40 percent of New York homeowners in the base-
line survey did not know where to get more information about radon. This lack
of awareness about sources for radon information was true even for homeowners
in the NYSERDA monitoring study, which is sponsored by a State agency. Only
5 percent said they would turn to that agency. Those homeowners who had a
communications source in mind are most likely to turn to the New York State
Department of Environmental Conservation. About 20 percent of the homeowners
would inquire there for more information about radon. These people would be
surprised because most of the responsibility for radon in New York rests with
NYSERDA and the Department of Health. Less than 10 percent of the homeowners
had either of these agencies in mind as a channel for radon information.
Because communication plays a major role in the overall risk management poli-
cies for radon, the lack of a clear source for information is likely to be
important to the effectiveness of future information programs at the state
level.

45 1 41.4 41.7
401
35 %
30t
25 1
201
15 ¢
10 1

NYSERDA NY Health Local Health  NY Dept. of US.EP.A. Don't Know
Department  Department Environmental
Conservation

- Monitored | Comparison

Figure 5-1. Where would New York homeowners turn for radon information?
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To follow up on this communications channel issue, we asked the home-
owners in the NYSERDA monitoring study whether they had acquired information
about radon since the baseline survey. The top part of Figure 5-2 shows the
responses for the NYSERDA homeowners who had an agency in mind in the baseline
survey and those who did not. Generally, the large differences between these
groups has not carried over into the followup survey. Homeowners who did not
know where to turn were almost as likely (64 vs. 74%) to have acquired infor-
mation between the baseline and followup interviews as their counterparts who
did know where to turn. As shown in the lower part of Figure 5-2, both groups
of homeowners get their information from the same mix of sources.

We also asked homeowners in the followup survey with whom they had dis-
cussed their radon readings. Figure 5-3 shows the relative frequency of
responses for both the homeowners who did not know where to turn for more
information and those who did. The percentages for the groups are about the
same, except that about 5 percent more of the "don’'t know” group had discussed
their readings with a family member. Almost no one in either group contacted
a public official or any government agency -- Federal, State, or local -- to dis-
cuss their results. After having received their results and information mate-
rials, they felt no need to go outside their family, friends, or neighbors to
discuss their results. This finding is especially important for agencies,
such as NYSERDA, that have to carefully manage their communication resources.
Homeowners did not find it necessary to seek more information from the agency.

To explore the potential market for alternative communication sources or
vehicles for delivering information about radon, we asked homeowners in the
NYSERDA monitoring group how likely they would be to use’information from: a
longer risk brochure, a longer mitigation brochure, a panel of experts at a
town meeting, and a phone call from a State agency. Figure 5-4 shows the
percent of respondents who would be either likely or very likely to use any of
these communication channels. The top part of the figure compares the people
who did not know where to turn for more information with those who did. Both
groups strongly prefer printed information to the other sources for.risk
information, with at least 60 percent likely to use a longer risk brochure and
63 percent likely to use a longer mitigation brochure. In contrast, only
48.6 percent would be likely to use the phone call from a State Agency, and
only 37.7 percent would be likely to attend a meeting that included a panel of
experts. The groups expressed similar preferences, except that the "don't
know" group was less likely to use the phone call.

The bottom part of Figure 5-4 illustrates the responses to the same ques-
tions but compares homeowners living in the *Binghamton stratum with those in
all the other strata. We are interested in the Binghamton area because its
residents had the highest readings and might provide a sufficient concentra-
tion of respondents to permit organizing a town meeting or some other group-
related mechanism for communicating radon risk information. The results show
that 42 percent of the homeowners in the Binghamton stratum would be likely to
attend a town meeting that included a panel of experts. This was about 5 per-
cent higher than the other strata but still considerably below the support for
longer information brochures. On the whole, the homeowners in the Binghamton
stratum prefer about the same radon communication sources as their counter-
parts in other strata.
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Have you read or heard about radon since last summer?

0-3% - DONT 0.1% - DONGT
KNOW KNOW

35.9%
NO
73.9%
YES
Did know whom to ask Didn't know whom to ask
for more radon information for more radon information
in baseline survey in baseline survey

40 - 38.9

Magazine or Magazine or TV report before TVreportafter  Other source before Other source after
newspaper article newspaper article
before after
M Didn't know whom to ask about radon in baseline l Did know whom to ask about radon
survey

Figure 5-2. Sources of additional radon information used.
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Agencies

Other

H Didn't know whom to ask about radon in baseline survey M Did know whom to ask about radon

Figure 5-3. People with whom New York homeowners discussed
their radon readings.
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M Didn't know whom to ask for more radon

information
%L:(i::y"t: ru\::ry M Did knaw whom ta ask for more radon
information
Longer Risk Longer Panel of Experts Phone Call
Brochure Mitigation
Brochure
70 1
&6.5 64.9
62.7 62.5
47.2 45.4
42.0
35.1 Binghamton
% Likely or Very .
Likely to Use O Other Strata
} {
Longer Risk Longer Mitigation Panel of Experts Phone Call
Brochure Brochure

Figure 5-4. Alternative delivery vehicles for additional radon information.
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Figure 5-5 shows the same information classified by the type of informa-
tion the homeowners received, Once again the people who received only the
fact sheet would be much more likely to use a longer brochure on radon risk or
mitigation. Almost three-fourths of these homeowners would be likely to use
either type of brochure. For the risk brochure, the next highest group
(63 percent) were homeowners receiving the command-qualitative brochure; only
54 percent of the homeowners receiving the command-quantitative brochure were
likely to want a longer risk brochure. Across all the delivery vehicles, the
town meeting had the least support, even among the fact-sheet group. Figure
5-6 presents these responses grouped according to the radon level: The
results are similar to those for the type of information. Homeowners with
radon levels above 20 picocuries show a slight preference for a phone call
from a State Agency, along with a preference for longer risk and mitigation
brochures. Even for this higher risk group, however, only 54.5 percent stated
they would be likely, or very likely, to use the communication channel.

We again used the probit estimator to further examine the likelihood that
homeowners in the NYSERDA monitoring group would use longer brochures on
either radon risks or radon mitigation. Table 5-1 describes the variables
used in these models, and Table 5-7 shows the results for a longer brochure on
radon risks and a longer one on reducing radon levels in the home. For these
models, we assigned a “1” to homeowners who said they would very likely or
likely use the longer brochure and a “0” to all the other responses (including
“don't knows").

To evaluate the potential effect of the various radon brochures on the
likelihood of using longer brochures, we used qualitative variables for each
type of brochure. Each qualitative variable’s coefficient indicates the rela-
tive effect on use in comparison with the fact sheet. The results show that
the homeowners receiving any of the brochures are much less likely to use a
longer risk brochure. Homeowners receiving the command/quantitative brochure
are the least likely, followed by those receiving the EPA Citizen's Guide.*
The fact-sheet group’s desire for more information is consistent with the
Chapter 4 results. Table 5-7 shows that these concerns carry over in their
desire for more information on radon risks.

In developing the experimental radon brochures, we considered whether the
brochures had enough information on risks, especially for homeowners who
experienced high radon levels in the homes. The results in Table 5-7 show
that there is no significant relationship between the level of radon in peo-
ple’s homes and their likelihood of wanting more information about radon
risks.

Personal characteristics and attitudes also affected the likelihood of
people wanting more information on radon risks. Table 5-7 indicates that
older people were less likely to want more information about radon risks.
These findings are further support for examining whether this is a rational

*An approximate statistical test can be performed by comparing the coef-
ficients. The more proper test would examine covariances between  variables.
See Kmenta [1986]. Given the independence in assigning homeowners to a design
point, these test results that ignore these covariances are unlikely to differ
from those that include them.
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Figure 5-5. Alternative delivery vehicles for additional radon information by version.
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TABLE 5-7. WHO IS LIKELY TO USE LONGER BROCHURES: PROBIT RESULTS

Longer Longer
Independent risk mitigation
variables brochure brochure
INTERCEPT 1.4262 1.1836
(5.994) (5.001)
RADON -0.0062 0.0017
(-0.561) (0.154)
‘AGE -0.0165 -~0.0115
(-7.216) (-5.090)
EDUCATION -0.0245 -0.0229
(-1.798) (-1.691)
COQUANT -0.6005 -0.5010
(-4.275) (-3.608)
COQUAL -0.4464 -0.4746
(-8.177) (-3.353)
CAQUANT -0.4657 -0.4385
«(—3.355) (-3.218)
CAQUAL ~0.4601 -05385
' (-3.181) (-3827)
EPA -0.5103 -0.3402
(-3.507) (~2.331)
DOCTOR 0.3369 0.2274
(4.638) (3.146)
TIME READING 0.0039 0.0019
(2.337) (1.171)
HEAR 0.1465 0.0908
(2.278) (1.419)
WAIT 0.0235 0.0715
(0.289) (0.875)
UNDLIFRISK 0.0003 _
(0.202) —_
UNDLIFMITIG —_— 0.1583
- (1.516)
n 1,730 1,730
Log (L) -1,064.8 -1,076.5
X2 120.94 63.395
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response given their personal circumstances or that this relationship suggests
that merely providing older people with more information will not be effec-
tive. In the latter case, a more direct program, perhaps with personal coun-
seling or information tailored to their concerns, may be needed to enhance the
effectiveness of risk communication with older people.

Homeowners who had read or heard about radon in the baseline survey are
more likely to use a longer brochure on radon risks. People who spent a
longer time reading the current materials also are more likely to use a longer
risk brochure. This variable could be a proxy for people who had difficulty
interpreting their results. The negative sign for the education variable
suggests more educated people are less likely to use a longer brochure, but
the relationship was not statistically significant.

The most significant attitudinal variable, whether or not someone usually
asks their physician health questions (DOCTOR), shows these people are more
likely to use a longer brochure on radon risks. Again, this relationship
reinforces our earlier findings on the influence of personal characteristics.
Overall, our results show that people who are more aware about radon, who
spent a longer time reading their current brochures, and who regularly ques-
tion their physicians about health are more likely to want a longer brochure
on radon risks. The second column in Table 5-7 indicates similar results for
the factors influencing the likelihood a respondent would use a longer mitiga-
tion brochure. The primary differences are the insignificant estimates for
variables associated with having heard of radon prior to the baseline survey
and with the time spent reading the materials.

5.5 CONCLUSIONS

This chapter used economic models and descriptive statistics to explore
homeowners’ demand for radon information. Using the data from the baseline
and followup surveys, we have evaluated the likelihood that people would use
various communication sources, as well as their, intentions about purchasing
the services of a radon diagnostician. The relative stability of the esti-
mates for the demand for a diagnostician’s services shows the potential for
using carefully framed hypothetical questions to explore potential market
demands.

The important findings of this chapter include:

. The willingness to pay for the services’of a radon diagnosti-
cian among those stating a purchase intention, given the fee
they were offered, ranged from $75 to $170, while those who
were nonpurchasers at proposed fees had been willing to pay
estimates ranging from $45 to $125. The probit models’ esti-
mates were remarkably stable and robust to alternative specifi-

cations.

i The probit results showed higher income homeowners more likely
to intend to purchase the service with the intent to purchase
declining as the offer price increased. Both the findings are

consistent with economic theory.
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People who received only the fact sheet were significantly more
willing to demand the services of a radon diagnostician than
those receiving one of the five information brochures. They
also were more likely to ask for more information on risk and
on mitigation.

None of the risk communication channels we have evaluated seems
to work for older people. They were less likely to intend to
purchase the services of a radon diagnostician and less likely
to use additional information brochures on either radon risks
or mitigation. Because older people experienced problems in
evaluating their risks (see Chapter 4), it is important to
determine whether these responses to the diagnostic services
are a rational response, given their circumstances or a reflec-
tion of the need to find a more effective source for
communicating risk information to them.

Receiving the risk information as part of this risk communica-
tion project has helped people who did not have a clear commu-
nications source in mind before getting radon information.
They showed no differences with whom they discuss radon risks
or in the sources they would contact for more radon informa-
tion. Homeowners also did not find it necessary to seek addi-
tional information from NYSERDA, other government agencies, or
public officials. Less than 1 percent contacted these groups
after receiving their information.

Less than 1 percent. of the homeowners contacted a government
Agency or public official after receiving their radon readings
and information materials. This implies that the NYSERDA
information program effectively reduced the need for more
information from governmental sources. Nevertheless, home-
owners in New York are not likely to know which Agencies to
turn to for more information about radon. Less than 8 percent
would have turned to the right agency.

People use informal communication channels more than formal
ones to find out more about radon. When they discussed their
radon results, it was more likely to be with family members,
friends, relatives, and neighbors.

Homeowners in the monitored sample favor printed brochures over
other communication channels. Only homeowners with high radon
levels stated a preference for a phone call from a State
Agency, but even with this group the preference was slight.
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Overall the radon diagnostician may offer some promise as a vehicle for
delivering radon information. Such services would not be a panacea. More
targeted information, perhaps through a conventional channel (the Council on
Aging or American Association of Retired Persons) may well offer the best
potential for helping older citizens understand their risks from radon. Gen-
erally, printed media appear to be the main channel preferred by homeowners
participating in the measurement study. This implies that our initial focus
on the brochures has been well placed. As we discuss in the next chapter,
EPA’s broader risk communication needs -- e.g., getting people to test their
homes -- may require more innovative approaches using multiple channels.
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CHAPTER 6

THE OVERALL EFFECTIVENESS OF THE NYSERDA RISK COMMUNICATION PROGRAM
AND FUTURE RESEARCH ISSUES

6.1 INTRODUCTION

The overall evaluation of effectiveness consists of two parts. Part 1
evaluates the consistency between perceived and technical risk estimates,
addressing Russell's [1986] question, “Do the right people worry and the
others stop?” Part 2 considers the findings of the three previous chapters on
learning, risk perception formation, and the demand for information to address
the question, “Which brochure was best?”

This effectiveness evaluation is based on a study that is unique as a
social science experiment involving households’ responses to risk. At the
same time, its activities are part of an actual risk communication program in
which NYSERDA (and EPA to the extent the materials cite EPA risk estimates and
action guidelines) is delivering information to 2,300 homeowners about their
radon exposures and what these exposures mean. The potential public health
implications of this second function of the research led us to evaluate the
program’s effectiveness on the basis of data available now. From the perspec-
tive of a research project, it would be better to wait until all the data are
available. However, interim results could signal shortcomings in the risk
communication aspects of NYSERDA’s study. Such shortcomings could be
addressed before sending the annual radon readings to homeowners, enabling
NYSERDA to minimize potential misunderstanding of the readings and their
interpretations.

Our evaluation of effectiveness is therefore a “mid-course” appraisal.
There are two reasons for this characterization. First, it is based only on
what households learned about radon and its risks and on how households formed
risk perceptions. We do not know yet what those at high risks will do about
them. Nor do we know whether those with low risks will worry and undertake
mitigating expenditures that are unwarranted. Second, the risk communication
program is not finished. The homeowners know they are to receive more infor-
mation. The brochures encouraged all but those with very high radon readings
to postpone expensive mitigation decisions until they received their addi-
tional readings. A final evaluation can be made only after the process of
delivering the information is completed. The mid-course appraisal is a sug-
gestive evaluation of some aspects of the performance of this information
program, but not conclusive.
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6.2 CONSISTENCY BETWEEN PERCEIVED AND TECHNICAL RISK ESTIMATES

Our first evaluation of the overall effectiveness of the NYSERDA risk
communication program considers whether the program achieved consistency
between homeowners’ perceived risks and their actual risks from radon. This
evaluation uses the reported risk perceptions information and technical esti-
mates of the actual risks.

The first step in the evaluation is to develop estimates of the actual
risks each household is experiencing from the radon in their homes. (Here-
after, we use the term technical risk estimates.) Ideally, such estimates
would be based on a detailed dose-response model that includes the level of
radon exposure as well as other activities (e.g., smoking) that might influ-
ence risks.* Such studies are only now getting underway. Studies of other
risks have used averages of experts’ judgments or the average frequency that
certain events occur (e.g., deaths from automobile accidents or plane
crashes). Slovic, Fischhoff, and Lichtenstein [1980] and Fischhoff et al.
[1978] have used the latter route in their comparisons of technical risk esti-
mates with average risk perceptions.

In this study, we have used the increment of lifetime risk estimates
developed by the EPA Office of Radiation Programs that vary by the level of
exposure to radon and the length of exposure period. Equation (6.1) uses
these data to estimate the relationship implied by these estimates and the
level and duration of exposure. Using the log of these variables provides a
tight fit of the model to.the data, as evidenced by the high R2. The high
t-ratios in parentheses below the estimated parameters provide a gauge of how
well this model performs as a statistical summary of the EPA model.

log (TRISK) = -8.739 + .918 log (years) + .958 log (RADON)
(6-1)
(-112.111) (49.309) (46.923)
R2 = 989
s = .210.

We used this model to estimate each respondent’s increment to his life-
time risk of premature death from lung cancer caused by radon. We estimated
two risk measures that differ by the assumed duration of the exposure. The
first measure, designated the “current risk estimate,” uses the number of
years the household reported they had lived in their home to approximate the
duration of exposure. It reflects only the time they have been exposed as of
the date of their interviews. It does not reflect their plans to stay in the

*This would require a complete diary of how much time each respondent
spent in each section of the house, along with radon readings for each of
these areas. We also would need to allow for potentially synergistic rela-
tionships among an individual’'s other activities.



current home. The second, designated the “potential risk estimate,” adds an
estimate of anticipated future exposure to the time used for the current risk
estimate. This time estimate corresponds to the remaining life expectancy for
each individual. To calculate remaining life expectancy, we assignhed each
respondent a life expectancy based on sex and current age. Thus, the poten-
tial risk estimate assumes they would spend the rest of their lives in their
current homes (or one leading to similar radon exposure).

Our technical risk estimates are preliminary in two respects. First,
they assume the households correspond to the behavioral assumptions inherent
in the EPA risk assessment model. Second, the estimates do not reflect actual
exposure patterns for the household. The NYSERDA measurement study collected
detailed data on variables that could affect exposure, but these were not
available in time for this mid-course appraisal.

6.2.1 Comparison 1: Perceived Risk Messages and Technical Risks

Our first comparison with the technical risk estimates views risk percep-
tion as a behavioral process. Individuals received the risk information (bro-
chures and radon readings) and used it to’update their prior assessments of
their risks. If the information policy’s primary goal is to communicate
information on the risk from radon exposure, then the relevant basis for meas-
uring perceptions is the perceived risk message obtained from the information
materials. We can infer this perception from the relationship between
people’s responses to the questions on their personal risks in the baseline
and followup surveys. This approach asks what perceived risk message is con-
sistent with the relationship between people’s prior and posterior risk
assessments. These can be estimated with the Bayesian model described in
Equation (4.1) in Chapter 4. The model combines people’s characteristics and
the features of the information they received with estimates of the parameters
of the Bayesian model to calculate the perceived risk message or what we
referred to as the implicit sample risk in Chapter 4.

Comparing these estimates with the technical risk estimates is a statis-
tical exercise that considers how well the information materials communicated
the risks. It is not a hypothesis test. Both the dependent variable (i.e.,
sample risk estimate) and the independent variable (technical risk estimate)
in these models were constructed from these individuals’ characteristics,
radon readings, and other variables. We would expect there to be some rela-
tionship between these risk messages simply because there are variables in
common (e.g., age) in the determinants of each of these estimates. This
approach compares the implications of two sets of maintained hypotheses to
evaluate what risk message people received from the information materials and
compares it with the technical risk estimate that would be attributed to them.
Table 6-1 reports the ordinary least-squares (OLS) estimates of this relation-
ship. The sample is confined to individuals who reported prior and posterior
risk assessments for their personal risks from radon exposure. The perceived
risk message is estimated based on Equation (3) in Table 4-7. They ranged
from .050 to .749, while the technical risk estimates.ranged from 0 to .073
using the current risk definition and 0 to .169 with the potential risk defi-
nition.



TABLE 6-1. SAMPLE vs. TECHNICAL RISKS FROM RADON2

ModelsP
Independent
variables (1) (2)
INTERCEPT .2192 2075
(111.558) (110.964)
Current technical risk (TRISK1) 5.1854 -
(16.040)
Potential technical risk (TRISK2) - 3.051
(25.658)
n 1,397 1,397
R? .156 321

Ahe dependent variable was the estimated implicit sample risk.

Numbers in parentheses are the ratios of the coefficients to the estimated standard errors. They should
not be compared with critical values from the t-distribution. Here they are simply used as gauges of
strength of association.

Two conclusions can be drawn from this comparison. First, if we accept
the models of perception and of technical risks used to form these estimates,
then the information materials did lead to systematic movements in the per-
ceived risk message in relation to the estimated technical risk. Second, the
positive intercept indicates that there is a tendency to overstate the risk
message contained in the information materials. Because the risk coefficient
(or slope) is greater than unity, the overstatement is accentuated at higher
levels of risk.* Of course, the sample includes homeowners receiving the fact
sheet who clearly overstated their perceived risk relative to the technical
risk estimates.

6.2.2 Comparison 2: Posterior Risk Perceptions and Technical Risks

The second comparison with the technical risk estimates does not use the
behavioral model of risk assessment. Instead, whether a policy is effective
is judged by its effects on outcomes -- in this case, the risk perceptions indi-
viduals stated not the risk measure communicated. Our first approach evalu-

*The way risk perceptions were elicited leads to important qualifications
that are described in the next section.
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ates an information program as successful if people got the message right,
even if they then ignored it. The second approach requires that households’
final perceptions be consistent with the information provided (and ultimately
take mitigating actions if then warranted by their exposure). Therefore, we
directly compare the posterior risk perceptions with the two technical risk
estimates.

The results are given in Table 6-2 for both measures of technical risks.
To interpret the results, if the perceived risk corresponded to the individu-
als’ estimated technical risks, then we would expect the intercept term would
not be statistically different from one-ninth, the lowest perceived risk that
could be stated. In Models 1 and 4, which include only the technical risk
estimate, the intercept terms are positive and statistically different from
one-ninth, implying that individuals overstate their incremental’ lifetime
risks at any level of technical risk. The slope coefficients indicate that
the degree of overstatement expands with increases in objective (or technical)
risks. The results for the potential measures of technical risk, which
account for differences in life expectancy, imply about one-half as much over-
statement as the current risk estimates (slope coefficient of 2.89 in Model 4
versus 5.2 in Model 1). Note that the statistical tests for these models
(e.g., t-ratios, F-test) are based on the assumption that the dependent vari-
able is drawn from a normal distribution. We know this is not the case; this
variable is an ordinal index of risk. Thus, the tests should be interpreted
as approximate.

The low RZ do not diminish the importance of the comparisons. Rather, it
reinforces the conclusion that behavior matters. There are many factors that
influence risk perceptions other than those reflected in the technical risk
estimates.

Models 2 and 5 control for the influence of the brochures using the fact
sheet as the standard for comparison. In Model 2, for example, only the com-
mand/quantitative (COQUANT) brochure yields a statistically significant asso-
ciation between perceived risks and the estimated technical risks. The nega-
tive sign shown for homeowners receiving this brochure means their perceived
risks are reduced and therefore would be closer to their technical risk esti-
mates. In Model 5, homeowners receiving either quantitative brochure over-
stated their risks by smaller amounts than their counterparts who received the
fact sheet. Neither the qualitative brochures nor the EPA Citizen's Guide are
statistically different from the fact sheet.

All the brochures reduce the divergence between posterior risk and dif-
ferences in the potential technical risk (i.e., Model 6). The apparent esti-
mated parameters between models with interaction versus shift variables can
best be explained by examining how Model 6 would predict posterior risk. The
posterior risk for respondents receiving the COQUANT information treatment in
Model 6 would be related to TRISK2 by: SRISKF = .2168 + (11.7541 - 9.2498)*
TRISK2 or .2168 + 2.5043 TRISK2. Models 3 and 6 show that, regardless of how
the technical risks are represented, the brochures reduce the divergence
between respondents’ risk perceptions and these objective risk estimates.



TABLE 6-2. SUBJECTIVE vs. TECHNICAL RISKS FROM RADON?®

Current technical risk models Potential technical risk models

Independent .
variablesP 1) 2 (3)° 4) (5) (6)
INTERCEPT _ .2362 2521 2201 2264 .2480 2168
(36.916) (22.999) (32.395) (33.683) (22.683) (27.977)

TRISK1 5.2302 5.6458 21.7439

(5.457) (5.784) (2.580)
TRISK2 2.8925 3.1505 11.7541
(7.117) (7.538) (3.291)
COQUANT -.0509 -17.6224 —.0581 -9.2498
(~2.709) (-2.089) (~3.103) (-2.610)
COQUAL —.0066 -14.8289 -.0175 -7.9675
(~0.349) (—1.748) (-0.925) (-2.252)
CAQUANT -.0322 -19.5341 -.0417 ~8.7949
C (=1.722) (-2.294) (-2.227) (-2.482)
CAQUAL -.0205 -13.7163 -.0304 -7.9960
(-1.100) (-1.617) (-1.630) (-2.260)
EPA ~.0070 -12.2284 ’ —-.0158 -9.4743
(-0.366) (-1.419) (-0.831) (-2.665)
n 1,928 1,928 1,928 1,928 1,928 1,928
R® 015 .020 021 026 032 030
F 29.783 6.528 6.696 50.656 10.435 10.019

4The numbers in parentheses below the estimated coefficients are t-ratios for the null hypothesis of no association. The sampie
size is larger for these models than for those in Table 6-1 because we have not dropped individuals who failed to report their
perceived risks on the baseline survey.

bTF!ISK1 designates the ex post objective risk estimate and TRISK2 the ex ante objective risk estimate. .

CThe qualitative variables for information treatments enter the model in interactive form with the relevant technical risk measure,
e.g., the coefficient for COQUANT in this column is for the variable TRISKi* COQUANT (i = 1,2)



Evaluating the effectiveness of the information program from this per-
spective leads to conclusions similar to our first evaluation. Individuals’
risk perceptions move consistently with the technical risk estimates. This
second type of comparison was able to gauge results of the separate brochures
because they were not built into the behavioral model of risk perception that
underlies our first comparison. Using models.based on the potential technical
risk estimate, the two best performers in terms of reducing perceived risks
are the COQUANT and the EPA Citizen’s Guide. While the latter has a somewhat
larger effect than COQUANT, the difference would not be judged statistically
significant.

The outcome differs somewhat using the current technical risk estimate.
Here the NYSERDA quantitative brochures dominate with cajole/quantitative
(CAQUANT) performing best. Thus, the overall conclusion favors the quantita-
tive versions with clear preference for the CAQUANT using the current techni-
cal risk estimate.

6.3 BROCHURE EVALUATION: OVERALL ASSESSMENT

How effective were the brochures and fact sheet? Our response to this
guestion at the mid-course evaluation considers the homeowners’ evaluation of
the brochures and fact sheet and our evaluation of how each performed on the
three levels of effectiveness: learning, formation of risk perceptions, and
the demand for additional information.

One standard method of evaluation is to ask homeowners to rate the infor-
mation materials they received. As shown in Figure 6-1, such an evaluation is
not very informative: A sizable majority of the homeowners agreed that the
materials they received were easy to follow, were consistent with earlier
information, and made it easy to evaluate their risks. Even 75 percent of the
homeowners receiving the fact sheet agreed that it made it easy to evaluate
their risks. If homeowner evaluations were the only basis for evaluating
effectiveness, then we could find few differences between the information
treatments. This contrasts sharply with the findings from the behavioral/
analytical models that were presented in this and preceding chapters.

Turning to the results implied by these models, one overall conclusion,
albeit a negative finding, stands out. The fact sheet was inferior in every
respect to any of the information brochures. It was less likely to lead to
correct answers on the radon quizzes; less likely to lead a person to have
“learned” answers to questions repeated from the baseline on the followup
survey; more likely to lead to increases in perceived risks, which are unwar-
ranted because all radon readings were less than 1 picocurie per liter; and
more likely to imply demand for additional information from a radon diagnosti-
cian, regardless of the price proposed for this service. Because the record
against the fact sheet is so clearcut, we do not consider it in further com-
parisons. This conclusion would not have been apparent had we considered only
the homeowners’ evaluations. They reported it to be useful.

The overall evaluation of the brochures and fact sheet considers the
findings of the three levels of effectiveness: learning, risk perception
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formation, and the demand for information. Because none of the NYSERDA bro-
chures and the EPA Citizens Guide was superior on all three levels, we
compared the performance on each level separately. Only the conclusions that
are based on statistically significant parameter estimates for the models in
the previous chapters are discussed here. Figure 6-2 summarizes the findings
from the overall evaluation.

Which Brochure Was Best?

Risk | Information
Learning | Perception Demand -
COQUANT o [
COQUAL L
CAQUANT o
CAQUAL o
EPA L o

Figure 6-2. Overall brochure evaluation.

6.3.1 Learning

To measure learning, we assume that brochures should increase the likeli-
hood of correct answers. Our analysis from Chapter 3 provides two bases for
evaluating learning: the total number of correct answers on the followup
guestionnaire and the number correct by type of question. To avoid double-
counting, we have not aggregated the results because the total correct
includes the individual questions.

The results are consistent between the total number of correct responses
and the number correct by type of question: the NYSERDA cajole/qualitative
brochure is the most successful. (Only the risk questions are considered in
gauging the performance by type of question because none of the estimated
parameters for the brochures’ effects on correct answers to the measurement
guestions was statistically significant. This implies that the brochures were
about the same as the fact sheet in transferring this type of information.)

The amount of learning also can be evaluated from performance on four
guestions that were included in both the baseline and followup surveys. One
criterion is whether the brochures positively affect the likelihood an indi-
vidual will “learn” (i.e., answer a question incorrectly on the baseline and
correctly on the followup). Since the information was not available to
respondents until after the baseline survey, we have interpreted this improve-
ment as an indication of. learning based on the materials they received.
Aggregating across the four questions’ significant estimates (see Table 3-5),
the most opposite brochures -- command/quantitative and cajole/qualitative --
perform best (i.e.) increase the likelihood of being in the “learn” category).
Based on the magnitude of the effect, command/quantitative dominates the
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runner-up, with the remaining brochures distant alternatives. As shown in
Figure 6-2, the composite ranking which emerges from these two categories of
learning favors the cajole/qualitative format.

6.3.2 Risk Perceptions

For risk perceptions, the logic for summarizing the findings is different
and somewhat more arbitrary than with the learning models. For a given radon
level, we assume that a negative effect and larger (in absolute magnitude)
effects are better than smaller ones because a high share of people thought
they were at moderate or high risk before getting their readings (Table 4-1)
and most of them turned out to have very low exposures. Thus, the information
brochures should reduce the posterior risk assessments stated in the followup
survey (i.e., calm fears). The record supports the quantitative versions
unambiguously -- both in terms of statistical significance and the magnitude of
effects. The cajole/quantitative NYSERDA brochure is best, but its margin of
superiority is small. Therefore, both quantitative versions have been
included in the risk perception column of Figure 6-2.

6.3.3 Demand for More Information

We assume that an information brochure that leads to lower demands for
additional information is better because it suggests that the materials were
able to meet a homeowner’s information needs. The analysis in Chapter 5 shows
that all brochures reduce the likelihood of demanding a diagnostician’s ser-
vices (relative to the fact sheet). The EPA Citizen's Guide was best but its
performance was only slightly better than the command versions of the NYSERDA
brochures. Thus, we have included all three in the information demand column.

6.3.4 Summary

This mid-course appraisal suggests that which brochure is more effective
depends on how effectiveness is measured. From the standpoint of learning,
the cajole/qualitative (CAQUAL) version provides information that leads to a
better intuitive understanding for answering the radon quiz. From the stand-
point of helping people form subjective risk perceptions that are consistent
with the technical estimates of their risks, the quantitative brochures,
COQUANT and CAQUANT, were more effective. The EPA Citizen's Guide, and the
guantitative NYSERDA brochures were most effective in reducing people’s
demands for more radon information. Whether any of the brochures is more
effective in helping homeowners make sound mitigation decisions will be
evaluated later in this research.

This mid-course evaluation also shows the need to modify the research
aspect of the experiment. The dual role of our effort precludes the possibil-
ity of examining the long-term effects of the fact sheet. We know that the
brochures work better in terms of calming the fears of those at low risk, so
the fact sheet will be deleted from the research design. People who received
a fact sheet with their interim readings will receive one of the brochures
with their annual readings.
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6.4 FUTURE RESEARCH

An important aspect of what will follow this mid-course appraisal is the
analysis of risk perceptions and mitigation after the annual radon readings
have been sent to these households. However, this is only a small part of our
future research. This section highlights some opportunities for more
investigation based on what we have learned so far and what we have yet to
consider.

6.4.1 The Annual Readings and Followup Survey

Once the annual readings are distributed, repeating the same information
treatments for each household except those who received the fact sheet, we can
complete the evaluation of how radon information affects risk perception and,
most importantly, whether the households act appropriately based on their
risks. The second followup survey together with a subsequent contact to
determine mitigation actions will permit analysis of the effects of the infor-
mation brochures on these actions and the overall effectiveness of the pro-
gram.

6.4.2 The Comparison Sample

The results of the followup survey for the comparison group have not been
analyzed. These data were not available in time to permit analysis beyond
that reported in Chapter 3. The evolution of these households’ learning and
risk perceptions should serve as an important benchmark in interpreting the
monitored sample’'s responses.

We may want to draw a new comparison sample if the initial contact has
caused the comparison respondents to pay more attention to radon information.
If so, estimates of their learning would not be representative of New York
State homeowners.

6.4.3 Forming Risk Perceptions

The followup survey asked a number of questions concerning how the house-
holds adjusted the risk information they received to fit their circumstances.
We have not begun to examine this information for insights that might help to
answer gquestions about why specific brochures performed well in specific
aspects of our evaluation.

6.4.4 Targeted Risk Communication

Our findings provide strong support for the conclusion that people differ
in how they form their risks perceptions and how they use information. Can we
identify groups that respond similarly This issue is central to improving
risk communication. The conclusion that everyone is different and each
responds in his own way provides no constructive basis for improving risk
communication techniques.

Our findings suggest older people are different. This may be a rational
response to their circumstances. On the other hand, it may reflect a need to
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approach them with risk information differently. If they assume at this stage
“the die is cast” for their existing pattern of exposures, they may perceive

mitigation as ineffective in reducing their risks. Examining subsamples sys-
tematically and the reasons for their responses is one way to begin to address
these issues.

6.4.5 Refinement in Technique and Conceptual Modeling

The analysis so far provides a preview to gauge the merits of further
refining our estimates and conceptual analysis. Perhaps most important, our
models are largely statistical. They yield useful insights, but they are not
linked together within a consistent description of the process of forming risk
perceptions as part of economic behavior. This is the only way concrete
hypotheses for further testing can be developed. Hypotheses follow from
formal conceptual models. The design of our research to date has specifically
avoided this conceptual path. Now, it appears to be warranted as a component
of the overall evaluation of these households' responses.

6.4.6 Alternative Communication Channels

At this stage of the research, we have not evaluated the effectiveness of
alternative communication channels, except to obtain the homeowners’ assess-
ment of how likely they would be to use various channels. While their prefer-
ence for printed information in the format brochures was quite strong, we are
considering several alternative channels, including town meetings, reinforcing
telephone calls, and a radon diagnostician. Our final decision on these will
consider the resources required, and those available, and the likelihood that
a State Agency, or EPA, would be able to implement the channel as part of
their functions.

6.5 IMPLICATIONS

The following important implications can be drawn from this mid-course
evaluation of the NYSERDA risk communication program:

. Evaluating effectiveness requires perceptual/behavioral meas-
ures of performance because simply asking homeowners for their
evaluations is misleading. Even though the homeowners them-
selves found the fact sheet useful, our evaluation showed lower
levels of learning, higher demands for more information, and
higher levels of anxiety.

. Quantitative risk information materials reduced the divergence
between perceived and technical risks. The cajole/qualitative
brochure helped homeowners develop a more intuitive understand-
ing of the risk shown by higher learning and a better ability
to advise their neighbors about radon risks.

d Formal channels for communicating radon risks are poorly estab-

lished. Homeowners in New York are not likely to know which
agency to turn to for more information about radon. Less than
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8 percent would have turned to the correct Agency. Homeowners
were much more likely to use informal channels -- family members,
friends, or neighbors -- to discuss their radon results. Less
than 1 percent of the homeowners contacted a government agency
or public official about their radon results.

. None of the risk communication channels we have evaluated
seemed to work for older people. They were less likely to
intend to purchase the services of a radon diagnostician and
less likely to use additional information brochures on either
radon risks or mitigation, Because older people experienced
problems in evaluating their risks, it is important to deter-
mine whether these responses to the diagnostic services are a
rational response, given their circumstances, or reflect the
need to find a more effective source for communicating risk
information to them.

. Homeowners did respond to the risk information rationally.
People with higher radon readings perceived their risks to be
more serious than those with lower readings, Our results also
showed, however, that our understanding of the relationship
between perceived and technical risk estimates can be improved.

Finally, our mid-course appraisal does not address three important radon.
risk communication issues. One, the homeowners have not made mitigation deci-
sions, which are needed to evaluate our fourth indicator of effectiveness.
This evaluation will have to wait until after the annual radon readings are
sent to the homeowners. Two, alternative communication channels will not be
evaluated until after the annual radon readings are sent. Three, the home-
owners in our New York panel can provide, at most, indirect information for
EPA on the decision of homeowners to test for radon. These homeowners decided
to test because they were asked to participate in the NYSERDA measurement
study. The testing issue remains an important consideration in the overall
effectiveness of a radon risk information program.
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APPENDIX A
RADON MEASUREMENTS AND RESEARCH DESIGN

As part of the overall NYSERDA radon measurement study, households
received a varying number of alpha-track monitors or detectors for measuring

radon: There are nine possible detector designations:
1. Main living area, 2-month detector
2. Duplicate living area, 2-month detector
3. Blank or covered living area, 2-month detector
4. Main living area, 12-month detector
5. Duplicate living area, 12-month detector
6. Blank or covered living area, 12-month detector
7. Main basement, 12-month detector
8. Duplicate basement, 12-month detector
9. Covered or blank, 12-month basement detector.

Each participant in the radon study received at least two monitors,
Types 1 and 4, and, if the residence had a basement, the participant also
received a Type 7 detector. The other detectors were assighed to serve as a
check on the accuracy of the main detectors. For this report, our analysis is
concerned only with the "2-month" monitors, designed to measure winter radon
levels. Households were supposed to return these short-term detectors to the
Research Triangle Institute (RTI), who sent the monitors to Terradex for anal-
ysis. The results were then sent to RTI. For the radon information effec-
tiveness study, we sent households their average winter radon reading, along
with some information about radon, its effects, and how to reduce household
radon levels.

The average radon reading depends on the type and number of detectors a

household received: for households with only a Type 1 short-term detector or
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with a Type 1 and a Type 3, the average reading is the reading recorded for
the Type 1 detector. If, on the other hand, the household sent in two
detectors, Types 1 and 2, the household radon level is reflected by the
average of the readings for the two detectors.

As discussed in Appendix B, the first step in our experiment involved
dividing the sample into two groups: households with mean radon readings
below 1 picocurie per liter and households with readings above 1 picocurie per
liter. During the first part of November, while we were preparing to mail out
the radon readings and information materials, the RTI statisticians conducting
the measurement study changed their assessment of detectors, which affected
some of the readings in our sample. The problem arose because some survey
participants had incorrectly recorded the monitor installation and removal
dates. Because the interpretation of the radon levels depends critically on
how long the detectors were exposed to radon in the home, changing the instal-
lation and removal dates altered the resulting radon reading. These individu-
als had, in general, written the same year for the installation and removal
dates, resulting in removal dates earlier than the installation dates. Once
the mistake was corrected, the radon levels were recalculated, and the statis-
ticians provided the new readings.

While making these corrections, we decided to check that all of the radon
readings in our file corresponded with those in the statisticians' files. Our
analysis showed 39 discrepancies between the two files, of which 17 were not
participants in our information effectiveness study, because they had returned
their detectors too late to be included, The discrepancies arose because the
statisticians had reclassified some Type 2 monitors as "uncovered Type 3"
monitors, which implied that these monitors should not be included in calcu-
lating the household's mean radon reading. Of the survey participants whose
readings changed, only two presented problems in terms of the experimental
design. As noted above, the initial step in the process of assigning house-
holds to design points involved splitting the sample into those households
with radon readings below 1 piC/1 and those with radon readings above 1 piC/1.
Two of the households' revised radon readings moved them from one-half of the
sample to the other. We reassighed these households to design points by ran-
domly drawing two design points. We recalculated the randomness diagnostics

to ensure that no bias had been imparted.
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APPENDIX B

DESIGN IMPLEMENTATION

The first step in implementing the experimental design for evaluating the
effectiveness of alternative information treatments was assignhing survey

respondents to one of eleven treatment groups:

Condition or Treatment Group

EPA
Fact Citizen's
sheet COQUANT CAQUANT CAQUAL COQUAL Guide
Radon reading <1
picocurie per liter 0 1 2 3 4 5
Radon reading >1
picocurie per liter 6 7 8 9 10

We first divided our sample of households that participated in the baseline
survey into two groups: households with radon readings below 1 picocurie per
liter and households with radon readings of 1 or more picocuries per liter.
We then randomly assigned the households with radon readings below 1 picocurie
per liter to one of two groups. Half of them received only the fact sheet.
The other half received one of the five information brochures (i.e., the four

project-designed brochures and the EPA Citizen's Guide). The households with

radon readings over 1 picocurie per liter were randomly assigned to five
groups of equal size. Each of these respondents received one of the same five
brochures. In addition to the radon information brochures, each household in
the 1-picocurie-or-above category also received the EPA radon mitigation

booklet, Radon Reduction Methods: A Homeowner's Guide.

To allocate households in each component of the sample to these treatment

groups, a random number generator was used to assign a random number to each
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household. We then sorted the households by random number.* After sorting
the sample according to random numbers, the "under-ones" and "over-ones" were
divided into treatment groups (conditions) based on the order of their random
numbers. For example, the under-one part of the sample contained 1,290
households. Each time the sample was sorted by random number, the 645 house-
holds with the lowest random numbers were assignhed to Condition 0, to receive
the fact sheet. The next 129 were assigned to Condition 1, the next 129 to
Condition 2, and so on.

To guarantee that the sorting resulted in an allocation of the sample
that was independent of the key characteristics of the households in each
group, we performed several statistical tests for independence. The main
objective was to avoid confounding between the final assignment and differ-
ences among the individuals in the group. For example, we did not want only
people with high radon readings or high levels of perceived risks in one
treatment group. While all the assignments we tried were random, the sample
sizes were small enough that interdependencies did result. between key vari-
ables and the assignment. We therefore checked for these interdependencies
each time we randomly assigned households to the various conditions. As it
turned out, the under-ones required more than a dozen randomizations before a
sample division passed all the tests, and the over-ones required nearly two
dozen randomizations before a satisfactory randomization was achieved.

In the statistical tests, we required that there be no relationship
between the design assignment, or condition, and the households' characteris-
tics. If such a relationship were found to exist, the sorting by by random num-
ber was repeated, and the tests performed again. The first test run on all
categorical variables was a cross-tabulation of the baseline survey data on
the households by condition. The randomization was considered to have passed
this test if the Chi-square tests run on the two-way frequency tables showed
no relationship between the two variables being tabulated. Table B-1 shows an

example of these two-way frequency tests for income and condition.

*The random number generator used takes the computer clock as its start-
ing point or "seed" and "returns a number generated from the uniform distri-
bution on the interval (0,1), using a prime modulus multiplicative generator
with modulus 231-1 and multiplier 397204094 (SAS User's Guide: Basics [1982],
available from SAS Institute, Cary, NC). Because the random number generator
uses the computer clock to initialize the random number stream, a different
allocation of the sample occurs each time the program is run.
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TABLE B-1.

COMPARISON OF CONDITIONS TD HOUSEHOLDS:
able of Income by Condit)

TWO-WAY FREQUENCY TABLE®

Under 1 picocurie

Over 1 picocurie

Income/ . Condit. Income/ Condit.

frequency 0 1 2 3 4 5 Total frequency 6 7 8 9 10 Jotal

$80,001 and over 28 [} 0 12 12 8 86 $80,001 and over 12 4 7 6 6 35
5,000 10 4 2 [}) 3 0 19 5,000 3 3 2 4 1 13
10,000 76 15 21 9 14 22 157 10,000 23 25 30 16 23 117
20,000 143 23 29 24 27 25 272 20,000 35 31 40 51 45 202
30,000 141 28 27 31 26 31 284 30,000 49 59 A7 48 32 235
42,500 113 29 19 27 23 22 233 42,500 44 39 43 39 41 206
57,500 50 11 14 12 12 11 110 57,500 18 15 10 14 26 83
72,500 27 2 3 6 6 1 48 72,500 7 4 6 6 4 27

Total 588 118 118 121 123 120 1,188 Totat 191 180 185 184 178 918

Frequency missing = 102

STATISTICS FOR TABLE OF INCOME BY CONDIT

Statistic DF  Value Prob
Chi-square 42 46.249 0.301
Likelihood ratio chi-square 42 56.056 0.072
Mantel-Haenszel chi-square 1 0.665 0.415
PHI 0.197
Contingency coefficient 0.194
Cramer’s V 0.081

Effective sample size = 1,118

Frequency missing = 102
Warning:
less than §.
a valid test,

32% of the cells have expended counts
Chi-square may not be

Frequency missing = 90

STATISTICS FOR TABLE OF INCOME BY CONDIT

Statistic . DF  Valuye Prob
Chi-square 28 35.837 0.147
Likelihood ratio chi-square 28 35.586 0.153
Mantel-Haenszel chi-square 1 0.215 0.643
PHI 0.198
Contingency coefficient 0.194
Cramer’s V 0.099

Effective sample size = 918
Frequency missing = 90

3Cross-tabulation of income by treatment group assignment.



For the more continuous variables in our experiment, the Chi-square test
was unreliable because some of the cells contained less than 5 percent of the
sample. These variables were age, income, last grade completed in school,
years lived at this address, radon reading, the number of times a respondent
heard about radon in the last 3 months, and several measures of performance on
the radon test questions. On these variables, we ran ordinary least-squares
(OLS) models, with "condition" as the explanatory variable. Again, the ran-
domization was considered acceptable if there were no statistically signifi-
cant relationships between any of the dependent variables and the independent
variable for the design point assignment. The results of these regressions
are shown in Table B-2.

TABLE B-2. COMPARISON OF CONDITIONS TO HOUSEHOLDS: OLS REGRESSIONS?

Under 1 picocurie Over 1 picocurie
Dependeng Tyge F Dependent Tyge F
variable I'SS value DF variable I5S value DF
TOT_COR 56.40 1.11 6 TOT_COR 16.88 0.48 4
TOT DK 43.64 0.59 [ TOT DK 38.57 0.76 4
MEANREAD 0.27 0.73 6 MEANREAD 36.63 0.63 4
TIMEHEAR 2.12 0.64 6 TIMEHEAR 12.06 0.38 4
SER_RADOD 0.30 1.15 5 SER_RADD 0.36 1.79 4
ADDRLIVE 1,004.98 1.37 6 ADDRLIVE 574.94 0.90 4
AGE 951.75 0.77 8 AGE 465.73 0.54 4
LASTGRAD 33.47 0.94 6 LASTGRAD 12.78 0.53 4

S,

3Dependent variable: baseline survey responses that are continuous or have many
categories.

Independent variable: trestment group assignment.

bTOT COR--total! correct on quiz; TOT_DK--total don’t know; MEANREAD--mean radon readlng,
TIMEHEAR--number of times homeowner had heard about radon; SER _RADO--perceived serious-
ness of risk from radon; ADDRLIVE--number of years lived at current address; AGE--
person’s age; LASTGRAD--person’s last grade completed.

As a final step in checking our randomizations, we ran regressions test--
ing for relationships between a dummy variable representing treatment group
assignment and several .variables we considered critical. These variables are
shown, along with their variable names, in Table B-3. Again, we accepted the
randomization if we found no statistically significant relationships between
any of the independent variables and the dummy variable representing condi-
tion. The results from these regressions are shown in Table B-4. Because the
OLS regressions showed no evidence of relationships, we did not conduct more
sophisticated analyses such as probits.
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TABLE B-3. VARIABLES INCLUDED IN DUMMY-VARIABLE REGRESSIONS

Variable

name Variable definition
INCOME Before-tax annual income
LASTGRAD Last grade of regular school completed
AGE Age
SEX Sex
MEANREAD Radon reading
RISK_COR Composite score on risk questions from baseline survey
TIMEHEAR Times heard about radon in the last 3 months
USE_BROC Want information in a brochure mailed to house
CONC_CIT Radon is a serious concern in your city or town
CONC_NEI Radon is a serious concern in your neighborhood
CONC_EXA Concern about radon is greatly exaggerated
SIM_WAST Risk of dying from radon similar to risk from hazardous waste dump

ADDRLIVE Years lived at this address

NUMPEOP Number of people living at this address

FIXHOUSE Usually try to fix things around the house

ASK_DOC Question doctor, read health articles

INFO_APP Gather logs of information before buying appliances
QUES_INF Question information from experts or authorities

NUM_WORK Work with numbers in job or hobby




TABLE B-4. ORDINARY LEAST SQUARES REGRESSIONS?

Dependent varisble
Design §0O Design {1 Design §2 Design §3

VYariable Parameter T Parameter T Farameter T Parameter T
name estimate value estimate value estimate value estimate value
INTERCEP 0.5752 3.259 0.10564 1.010 0.09356 0.896 0.0947 0.873
INCOME 0.0000 ~0.866 0.0000 -0.479 0.0000 1.254 0.0000 0.288
LASTRRAD -0,0008 -0.0Mm -0,0002 =0.02392 -0.0021 -0.442 0.0022 0.428
AGE -0.0011 -0.622 0.0003 0.246 0.0002 0.160 0.0005 0.477
SEX 0.0206 0.527 0.0087 0.376 -0.0232 -1.004 0.0096 0.394
MEANREAD 0.0602 0.821 -0.0288 -0.664 0.0374 0.863 -0.0691 -1.832
RISK_COR 0.0070 0.375 0.0012 0.105 -0.0094 -0.849 -0.0138 -1.199
TIMEHEAR 0.0005 0.081 -0,0056 -1.526 0.0054 1.461 0.0006 0.156
USE_BROC -0.0430 -1.473 0.0056 0.327 0.0094 0,544 -0.0232 -1.297
CGHE_CE? -5.0033 -5.058 -0.0190 -0.587 -0.0202 -0.024 0.0376 1.117
CONC_NEI 0.0232 0.390 0.0105 0.299 0.0375 1.067 -0.0532 -1.456
CONC EXA -0.0020 -0 087 0.0210 0,723 0.0032 0,108 0.0248 0,788
SIM WAST -0.0469 ~-1.100 -0.0028 -0.112 0.0282 1.118 0.0258 0.986
ADDRLIVE 0.0028 1.402 0.0003 0.244 -0.0014 -1.19¢ -0.0015 -1.167
NUMPEOP 0.0034 0.243 0.0032 0.387 -0.0054 -0.646 0.0142 1.651
FIXHOUSE -0.0050 -0.129 0.0186 0.9801 -0.0261 -1.123 0.0063 0.261
ASK DOC . 0.0250 0.624 -0.0131 -0.558 0.0226 0,955 -0.0203 -0.828
INFO _APP -0.0838 -1.607 -0.0191 -0.812 0.0104 0.444 0.0193 0.789
ﬂllte TME N NHe14 " ary A AR e N Maa nh NTsNHe h Aan =N 2147 ¥ 4 N 184
|YVULS 2V V.VamTs1 V.PIr V.YV “vV.Uvy V.VaAvVe VeV VewWuTre Ve.awy
NUM 'OHK 0.0227 0.588 -0.0018 -0.078 -0.0324 -1.420 -0.0093 -0.393
F VALUE 0.573 0.337 0.788 0.845
PROBYF o.0282 o, 0088 0,7238 0.6833
R-SQUARE 0.0143 0.0084 0.0196 0.0209
ADJ

R-QQUARE -0,0108 -0.01668 -0.0053 -0.0038

a dent iabl ish representin trolt-ont roup assignment. (continued)
?”::.: cnz.;ar?tttos' -:;r:' ' !cs :‘ rospou’onts group i
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TABLE B-4 (continued)

Dependent variable

Design 4 Design §5 Design §6 Design §7

Variable Parameter T Parameter Parameter T Parameter T

name estimate value estimate value estimate value estimate value
INTERCEP 0.1733 1.556 -0.0420 -0.415 0.3573 2.089 -0.,0590 -0.370
INCOME 0.0000 0.646 0.0000 -0.307 0.0000 -0.3569 0.0000 1.511
LASTGRAD -0.0028 -0.545 0.0036 0.761 -0.0092 -1.202 0.0008 0.111
AGE 0.0003 0.299 -0.0002 ~-0.174 0.0018 1.097 0.0006 0.372
SEX -0.0181 -0.736 0.0026 0.114 0.0227 0.597 -0.0032 -0.089
HEANREAD -0.0480 -1.038 0.0482 1.145 ~-0.0055 -1.044 ~-0.0029 ~-0,595
RISK COR 0.0087 0.734 0.0064 0.590 0.0116 0.632 0.0070 0.409
TIMEHEAR -0.0011 -0.273 0.0002 0,058 0.0044 0.791 -0.0016 ~0.305
USE_BRDC 0.0124 0.674 0.0388 2.318 -0.0137 ~0.499 0.0307 1.198
CONC_CIT 0.0207 0.599 -0.0160 ~-0.509 -0.0246 -0.450 -0.0049 -0.096
CﬂNCnNEI -0.0280 -0.747 0.0100 0.292 -0.0160 -0.271 0.0255 0.463
CONC_EXA ~0.0112 ~0.347 ~-0.,03587 -1.21% -0.0880 ~-1.764 0.0062 0.133
SIM WAST ~-0.0013 -0.,048 -0.0030 ~0.123 -0.0314 -0,792 0.0658 1.771
ADDRLIVE -0.0011 -0.882 0.0009 0.756 -0.0017 -0.900 -0.0001 -0.083
NUMPEOP -0.0109 -1.236 -0.0046 -0.566 0.0063 0.464 0.0130 1.023
FIXHDUSE -0.0110 ~0.446 0.0173 0.766 0.0063 0.169 -0.0134 -0.384
ASK_DOC -0.0053 -0.210 -0.0088 -0.383 0.0466 1.2258 -0.0133 -0.378
INFO APP 0.0287 1.147 0.0245 1.074 ~-0.0042 ~0.114 0.0077 0,223
QUES—INF -0.0053 -0.205 -0.0144 -0.610 -0.04072 ~1,043 0.0289 0.802
NUM*WURK 0.0027 0.110 0.0182 0.818 -0.0187 ~0.495 0.0356 1.010
F VALUE 0.436 0.686 0.679 0.647

PROBYF 0.9827 0.8356 0.8415 0.8707

R-SQUARE 0.0109 0.0171 0.0218 0.0208

AB‘-,SQUARE -0.0141 -0.0078 -0.0103 -0.0113

(continued)
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TABLE 8-4 (continued)

Dependent vari
Design {8 Design {9 Design §10

Variabie Parameter T Parameter T Parameter T
name estimate value estimate value estimate valve
INTERCEP 0.1090 0.682 0.1052 0.682 0.4875 3.128
INCOME 0.0000 -0.966 0.0000 -0.729 0.0000 0.571
LASTGRAD 0.005¢% C.816 ©.0030 0.436 -05.0004 -35.063
AGE -0.0010 -0.673 -0.0002 -0.158 -0.0011 -0.741
SEX -0.0284 -0.799 0.0068 0.198 0.0020 0.059
MEANREAD - 0.0089 1.829 0.0046 0.973 -0.0052 -1.084
RISK _COR -0.0126 -0.734 -0.0048 -0.290 -0.0012 -0.071
TIMEHEAR 0.0024 0.462 -0.0024 -0.468 -0.0029 -0.566
USE’BROC -0.0101 -0.393 0.0148 0.596 -0.0217 -0.866
CONL_CIT 0.0222 0.435 0.0085 0.173 -0.0012 -0.025
CONC_NEI 0.0086 0.156 0.0180 0.338 -0.0361 -0.671
CONC EXA 0,0821 1.333 ©.08023 1.82¢8 -0.0828 -1.378
SIM_WAST 0.0164 0.441 -0.0212 -0.594 -0.0292 -0.809
ADDRLIVE 0.0043 2.482 -0.0024 -1.420 -0.0001 -0.065
NUMPEOP 0.0078 0.612 -0.0021 -0.168 -0.0250 -2.018
FIXHOUSE -0.0401 -1.145 0.0531 1.570 -0.0059 -0.173
ASK_DOC 0.0444 1.249 0.0026 0.076 -0.0803 -2.316
INFU_APP 0.0193 0.557 -0.00587 -0.171 -0.0171 -0.505
QUES_INF -0.0058 -0.160 0.0383 i.100 -0,0212 -0.6802
NUH_WERK -0.0519 -1.469 0.0598 1.754 -0.0248 -0.721
F VALUE 0.944 1.029 1.067
PROBYF 0.5273 0.4252 0.3818

R-SQUARE 0.0301 0.0327 0.0338

AngQUARE 0.0009 0.0021

-0.0018
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APPENDIX C
SAMPLE DESIGN AND ALLOCATION AND SAMPLE SIZE JUSTIFICATION

C.1 SAMPLE DESIGN AND ALLOCATION
C.1.1 Stratification

Stratification consists of partitioning the units of the study population
into nonoverlapping subgroups, or strata. The total sample is then allocated
among the strata, and the required number of units is selected from each
stratum. For the statewide radon study, single-unit homes in New York State
have been stratified into seven geographical areas, or strata. The strata
and allocation of the total sample of 2,500 homes among the strata are
described in this appendix. (The sample for the risk communication research
included only the 2,300 homeowners who returned their radon monitors.)

Stratification provides control of the distribution of the sample.

There are several reasons why such control may be desired, and reasons
pertinent to the statewide radon survey are briefly discussed here. One
reason for stratification is to improve the precision of sample estimates.
Toward this end, stratification variables suspected to be related to the
response variable (here, radon level) are chosen; that is, strata are formed
to reflect anticipated differences in the response variable. Precision is
improved to the extent that population units in the same stratum tend to
have similar response variable values, and stratum averages tend to be
different. A second reason for controlling the distribution of the sample
is to facilitate estimation for subpopulations of interest (referred to as
domains). Strata, or combinations of strata, can be defined to coincide
with domains, and the required sample size can then be assigned to each
domain. Another reason for stratification is to distribute the sample so
that data users are assured that primary groups in the study population are
adequately represented. This may be important even when separate estimates
for these groups are not needed and differences (with respect to the response

variable) are not suspected. Such dispersion of the sample is frequently a
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motivation for using some level of geographical stratification in statewide
or national surveys.

It follows that developing strata for the statewide radon survey involved
considering what factors may be related to radon levels and what subpopula-
tions may be of special interest to the study. According to current technical
literature, the major source of radon in United States houses is the under-
lying soil; thus, indoor radon concentrations are determined (to a first
order) by soil radium concentrations and soil permeability. Soil types
generally reflect underlying geological conditions and are therefore spatially
coherent (i.e., similar rocks and soils will be exposed in areas with charac-
teristic dimensions from hundreds of meters to hundreds of kilometers in
extent). These observations recommend stratification according to location.
Specifically, stratification into major geological regions is appropriate,
together with additional stratification to delineate other areas of special
interest to the study.

Following discussions with NYSERDA and geological consultants, the
following strata were selected for the radon survey:

1. Binghamton. Based on NURE data, this is an area of special

interest. High levels of radon have been observed in water.

2. Undeformed Sediments. Relatively undeformed Paleozoic sediments
dominate central and southern New York, from Albany to Buffalo,
and south to Binghamton. NYSERDA data indicate that some
high radon concentrations have been found in this region. In
addition, investigations by Sachs and others have shown that
undeformed sediments can be associated with high radon concen-
trations in Pennsylvania, on rocks which may not be dissimilar
to the New York exposures.

3. Metamorphic Rock. The Adirondack metamorphic/igneous rocks
contain facies analogous to those associated with high radon
concentrations in water in Maine.

4. Deformed Sediments and Rock. East of Albany, and extending
down to New York City, there is a belt of complex deformed,
orogenic sediments and metamorphic rocks, which is considered
a discrete geological region.

5. Staten Island. Staten Island is in part underlain by Triassic
sediments similar to those associated with unusually high
concentrations of radon in the Princeton, New Jersey, area.




6. Long Island. Much of Long Island is underlain by glacial
sediments. It has a very large population base, but radon
levels should be low in this area containing predominantly
sand deposits.

7. New York City. This is not a separate geological region, but
the size of the city warrants its individual consideration.

C.1.2 Allocation of the Sample Size

This section describes the allocation of the first stage sample (clusters
of homes) to the seven geographical strata, and the size of the second stage
sample (homes) to be selected from each cluster. For these purposes, equa-

tions are used that express:

d The sampling variance of the parameter estimates

. The cost of the survey

in terms of design constants and the first and second stage sample sizes.
These equations are solved for the sample sizes needed to satisfy the variance
constraints, for a minimum cost. The design constants and the variance for
this survey are described below.

The resulting allocations differ, however, since some of the design
constants are different. There have been changes in design constants because
the stratum definitions have been refined and the study population has been
restricted to include only single-unit homes (instead of all households).

Allocations are presented for two separate sets of variance constraints.
For allocation I, variance constraints are imposed on statewide estimates
and on estimates for Strata 1, 2, and 3. Allocation Il results from variance
constraints on statewide estimates and on estimates for Strata 1, 2, 3, and
5 (Staten Island). Allocation Il would be. warranted if there were special
interest in studying radon levels in Staten Island homes (i.e., interest
beyond that appropriate for a stratum comprising only 2 percent of the
statewide study population).

The following design constraints are involved in allocating the sample
Slze:

1. The population proportion. Statewide and for each stratum.
This is the proportion of single-unit homes having radon
levels that exceed a specified value of interest. The allo-
cation is developed to give precise estimates for proportions
in the neighborhood of .05. (Estimates will be of better
precision for proportions greater than .05).
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2. Relative stratum sizes. The relative size of a stratum is
the ratio of the number of single-unit homes in the stratum
to the number of single-unit homes in the State. These
values were computed using 1980 county-level census information
on the total number of housing units and the proportion of
single-unit structures. Table C-1 displays the relative
stratum sizes.

3. The cost of an unproductive telephone number (i.e., one not
yielding a single-unit home), and the cost of a completed
telephone interview with a single-unit household.

4, The probability of identifying a cluster from a randomly
selected telephone number. This probability varies from
stratum to stratum. Its value was estimated for each stratum
based on the number of NPA/NXX codes, the number of households,
and the percentage of households that are single-unit.
estimates are shown in Table C-1.

5. The conditional probability of obtaining a single-unit home
within an identified cluster. Again, this probability varies
from stratum to stratum. Its values given in Table C-1 were
taken from previous RTI experience in random digit dialing
for the respective locations and adjusted to account for this
study's restriction to single-unit homes.

6. The intracluster correlation. This design constant describes
the tendency for homes in the same cluster to have similar
radon levels. Its value is assumed to be .05 for all strata.
This value was chosen based on previous survey experience and
on certain features of this study. In particular, homes in
the same cluster will be relatively close in location and so
will be more likely (although not at all certain) to have
similar underlying geological conditions that may be related
to radon levels. Also, homes in the same cluster may tend to
be somewhat similar in age and "tightness" (with respect to
ventilation), a factor suspected to be related to indoor
radon levels.

Having specified the design constants, the sample size solutions are obtained
in two steps. The optimal second stage sample sizes (i.e., the number of
single-unit homes per cluster) for each stratum are computed first. These
optimal cluster sizes do not depend on the variance constraints, and thus

are the same for both allocations | and Il. The computer cluster sizes have
been adjusted upwards to compensate for the following anticipated nonresponse:
(1) a failure to obtain the required information about housing unit charac-
teristics for 5 percent of the households and (2) a further failure to

obtain the radon information in 15 percent of the households. The resulting

second stage sample sizes are shown in Table C-2.
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TABLE C-1. DESIGN CONSTANTS

Probability

Relative Probability of identifying a

stratum size of identifying single-unit home,

Stratum (single-unit homes) a cluster given a cluster
h N (h) p(h) p(h),.
Binghamton .031 .19 .23
Undeformed sediments 417 .15 .29
. Metamorphic rock .047 .13 .26
. Deformed sediments .140 .16 .26

and rock

Staten Island .021 .29 .32
Long Island .241 .25 .37
New York City .103 .08 .10




TABLE C-2. SAMPLE SIZE ALLOCATION |: VARIANCE CONSTRANTS ON STATEWIDE ESTIMATES
AND ON STRATA 1, 2, AND 3 ESTIMATES

Second stage Expected telephone

: . numbers
First stage sample size Total
sample size (housing units) sample size To identify
Stratum (clusters) per cluster) (housing units) clusters Total
1. Binghamton 156 2 312 821 1,499
2. Undeformed sediments 232 3 696 1,547 3,147
3. Metamorphic rock 160 3 480 1,231 2,462
4. Deformed sediments and rock 78 3 234 488 1,088
5. Staten Island 24 2 48 83 158
6. Long Island 272 2 544 1,088 1,823
7. New York City 48 3 144 600 1,560
State 970 2,418% 5,858 11,737

aTaking into account anticipated nonresponse, this sample size is expected to yield approximately 2,000
complete observations.



Given the second stage sample sizes, the first stage sample sizes

(i.e., number of accepted clusters) for each stratum required to meet
the variance constraints can now be computed. The variance constraints
are specified in terms of the coefficient on variation (CV), which is

defined as

v {P} = M%{m ;
where P is the population proportion being estimated, P i§ the estimator
based on the sample data, and Var{P} is the variance of P. The variance

constraints are imposed at P = .05 for this design, as discussed earlier.

The following variance constraints are used to obtain the first allocation:

EV{B} < .13 (statewide);
CV{E(l)} < .35 (Stratum 1);
CV{f(h)} < .25, h = 2, 3; and
CV{P(ﬁ)} < 1.00, h = 4, 5 6 7.

The strongest constraint is placed on the variance of the statewide
estimate. Constraints are also imposed for Strata 1, 2, and 3 estimates,
because these strata are of special interest to the study, beyond their
contribution to statewide estimates. Variances for the remaining
stratum-level estimates are only minimally constrained. It should be
noted that a CV of .13 when P = .05 is equivalent to a 95 percent
confidence interval half-length of .013. A CV of .25 is equivalent to

a confidence interval half-length of .024, and for .35 the half-length
equals .034.

The sample allocation solutions to the above constraints are shown in
Table C-2. Also shown in Table C-2 are the expected number of telephone
numbers required to obtain the specified number of sample clusters and
sample housing units. Under the Mitofsky/Waksberg procedure, the
number of telephone numbers is a random variable. The fixed sample

size is the total of 2,458 housing units, from which complete informa-

tion is expected to be obtained from about 2,000.



The second allocation uses the following variance constraints:

EV{B} < 14 (statewide);
CviP(h)} < .35, h = 1, 5
CVEPCh)} - < 25, h = 2 3 and
CVi{P(h)} < 1.00, h = 4, 6, 7.

Compared to the first allocation, a stronger constraint has been imposed
for Stratum 5, Staten Island. The solutions corresponding to these

constraints are presented in Table C-3.

The difference between the two proposed allocations is the number of
housing units selected from Staten Island. When the study was initiated,
Staten Island was an area where no data were available on radon levels

in homes. However, since approximately 50 percent of the land area is
shale and high radon levels in homes have been detected in similar
geological areas in New Jersey, it is reasonable to expect the homes in

Staten Island could have high radon levels.

In order to get some information on radon levels in homes in Staten
Island, a prepilot for this task was performed in Staten Island. If
homes with high radon levels were found, then the second allocation
would be used (156 homes in Staten Island). On the other hand, if no
homes with high radon levels were found, then the first allocation (24

homes in Staten Island) would be utilized for the statewide survey.
C.2 SAMPLE SIZE JUSTIFICATION

One approach for using the survey information requires that we consider
many of the parameters to be estimated in this study as proportions, e.g.,
the proportion of households that undertake mitigation activities. Accord-
ingly, the proposed sample sizes were determined by computing the sample
size required to estimate proportions of the underlying population (i.e.,
households in New York State).

The required sample size depends upon the desired precision of the
proportion estimates. The sample size required to produce an estimate, f),
that is within & units of the true population proportion, p, with a percent
certainty depends upon &8, p, and a. Clearly, it is desirable to make &

small and @ large. However, decreasing 6 and increasing ® each requires an
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TABLE C-3. SAMPLE SIZE ALLOCATION II:

VARIANCE CONSTRANTS ON STATEWIDE ESTIMATES
AND ON STRATA 1, 2, 3, AND 5 (STATEN ISLAND) ESTIMATES

Second stage

Expected telephone

First stage sample size Total numbers
sample size (housing units) sample size To identify

Stratum (clusters) per cluster) (housing wunits) clusters Total
1. Binghamton 156 2 312 821 1,499
2. Undeformed sediments 196 3 588 1,307 1,658
3. Metamorphic rock 160 3 480 1,231 1,462
4. Deformed sediments and rock 66 3 198 412 920
5. Staten Island 156 2 312 538 1,025
6. Long lIsland 230 2 460 920 1,542
7. New York City 41 3 123 513 1,332
State 1,005 2,4732 5,742 11,438

aTaking into account anticipated nonresponse, this sample size is expected to yield approximately 2,000

complete observations.



increase in the required sample size. Additionally, a & value that is
considered precise for large p values is not necessarily precise for small p
values. For example, let 8§ = .10, Py = .85, and Pp = .05. Then, Pp; £ 8 is
equal to .85 * .10 which is relatively precise. However, ﬁzi'ﬁ which is
equal to .05 * .10 is not very precise.

Table C-4 shows the sample sizes needed to detect a specific difference
with power 1 - B. The important specific differences for this information
collection will be the differences in estimated mitigation expenditures for
households that receive the alternative information treatments. Differences
in estimates of perceived and actual risks from radon among the same groups
will also be important.

An example using estimated coefficients of variation, which are equal
to the standard error of the estimate divided by the mean estimate will
explain Table C-4. Suppose the coefficient of variation for estimated
mitigation expenditures is equal to .2, then a sample size of 68 is necessary
to detect a 10-percent difference in the mean value. In this case, there is
a 95-percent confidence that the difference is not zero and a 10-percent
chance of not rejecting the null hypothesis (A = 0) when it is false. If
there is little or no variation in the estimates, then small differences can
be detected with minimal sample size. Considerable variation in estimated
values, however, will mean that a small sample may not be able to detect
small differences in the estimates. Thus, when estimating proportions,
relative precision is often considered as the most appropriate basis for
determining the sample size. This is accomplished by requiring that 13 lie
within pé units of the true p value with & percent certainty for smallest
proportion of interest. In the above example, the estimate of the small p
value would change from .05 * .10 to .05 * .005 which is a much more precise
estimate. Obviously, this method significantly increases the required
sample sizes for small p values.

Table C-5 contains minimum sample sizes for P to be within pé units of
p with 95 percent certainty (in the sense of repeated sampling) for various
values of p and &, assuming simple random sampling. The p values to be
estimated in the study are unknown and will probably vary considerably from
one activity to another. Therefore, it is impossible to determine exactly

the appropriate sample size. Because past work on measuring radon mitigation
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TABLE C-4. SAMPLE SIZES NEEDED TO DETECT A SPECIFIED
DIFFERENCE WITH POWER 1 - B

(a) @ = Type | Error = .05, B = Type Il Error = .1
a
CV = Coefficient of Variation (O'e/}-'c)

Detection
A -1 -2 -3 —4 -5
.06 pc 48 190 428 760 1,189
.08 pc 27 107 241 428 669
.10 |..IC 17 68 154 274 428
.15 pc 8 30 68 122 190
.20 “C 4 17 39 68 107
.25 “C 3 11 25 44 68
(by @ = .05, B = g
.06 |JC 30 120 269 478 748
.08 |.Ic 17 67 151 269 421
.10 |.Ic 11 43 97 192 269
.15 |-lc 5 19 43 77 120
.20 |.Ic 3 11 24 43 67
.25 IJ: 2 7 16 28 43
a

0. is the common standard deviation for both the treatment and control
responses under the model anduy_ is the mean response_(usage level) for
the control. The sample sizei§ calculated as n :Z(CV/A)z(al_ +'a1_-ﬁ)2

o
where z is the standard normal variate.
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expenditures or risk perceptions is limited, this is even more difficult.
Nevertheless if the proportions are in the range of .35 to .40 or higher,
then a reasonably precise estimate can be formed by requiring that § = .20
(i.e., p6 = (.35)(.20) = .07 or p6d = (.40)(.20) = .08). These values of p
and O produce a required' sample size in the range of 144 to 178. The 2000+
sample for the NYSERDA sample, even divided into thirds for different infor-
mation treatments, should be sufficient. Also, the comparison group sample
of 250 completed interviews should offer sufficient precision. Of course,
it would be useful to know the distribution of radon levels for the sample,
but this information was not available until after the risk communication
research design was set up. When those data are available, the final design
was calibrated to ensure sufficient sample sizes. If necessary, the number

of alternative treatments would have been reduced.

TABLE C-5. REQUIRED SAMPLE SIZE FOR THE ESTIMATES OF p TO BE
WITHIN P& UNITS OF p, ASSUMING SIMPLE RANDOM SAMPLING

6
P .05 .10 .15 .20 .25
.01 152,127 38,032 16,903 9,508 6,085
.05 29,196 7,299 3,244 1,825 1,168
.10 13,830 3,457 1,537 864 553
.25 4,610 1,152 512 288 184
.35 2,854 713 317 178 114
.40 2,305 576 256 144 92
.50 1,537 384 171 96 61
.75 512 129 57 33 21
.95 81 21 9 6 4
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Baseline Survey for New York Radon Information Study

Hello, my name is I'm calling from the Research Triangle Institute (RTI), in Research
Triangle Park, North Carolina. We are conducting the radon study for the State of New York. May I
please speak with:

O Person unavailable.
Call back time:

Place label here
O Respondent reschedules.
Callback time:

IF NOT AVAILABLE, ASK PERSON ANSWERING:
Do you make or share in important decisions for this household?
01 Yes

02 NO (ASK WHEN TO CALL BACK TO REACH A DECISIONMAKER. RECORD CALLBACK TIME
ABOVE.)

— we would like to thank you for sending your radon monitor back to RTI. By mid-July, we
will have the results from the 2-month readings for the people in the study. Because these are only
preliminary results, it is important to leave the 12-month monitors in place until we notify you. Now |
would like to ask you a few questions about what you know and think about radon. This should take
only a few minutes and your answers will be kept strictly confidential. (READ IF NECESSARY Your
cooperation is especially important, because we have scientifically selected the households for this
study.)

(IF RESPONDENT WANTS TO RESCHEDULE, ESTABLISH CALLBACK TIME AND RECORD ABOVE.)

Temporary Interview Code Final Interview Code

01 Ring No Answer

02 Regular Busy Signal

03 Answering Machine Service

04 No Result From Dial

05 Temporarily Nonworking

06 Wrong Number

07 Fast Busy/Computer Tone

08 Language Barrier

09 Partial Data

10 Pending Interview. Refusal

11 Not Available/Callback Scheduled
12 Not Available/Estimated Callback Scheduled
13 Physically/Mentally Incompetent
14 Other

15 Ring, No Answer

16 Nonworking Number

17 Double Wrong Connection
18 Answering Machine/Service
19 No Result From Dial

20 Fast Busy/Computer Tone
21 Unable to Contact

22 Physically/Mentally Incompetent
23 Language Barrier

24 Trials Exhausted

25 Interview Completed

26 Partial Data

27 Final Interview Refusal

28 Other




SECTION I: RADON KNOWLEDGE

| am going to ask some muitiple choice questions about radon. Please choose the answer you think is

correct or answer ‘| don’t know” if that’s your best answer.

1. Isradon a
a. Colorless, odorlessgas .................... e
b. Or a chemical given off by radar equipment ..............
c. Dont know (DON'TREAD) .........ccvveneennnnnnnnns

2. Is radon caused by .
a. Industrialpollution ............. ittt
b. Or the natural breakdown of uranium ...................
c. Don'tknow (DONTREAD) . .......ccviviiiiinnnnnnnn

3. Are high levels of radon likely to cause
a. Minorskinproblems .................ciiiiiiiiinn,
b. OrlungeancCer .........coiiiiieinnrerinnreenananens
c. Don'tknow (DON'TREAD) ......cvuvurenneiinnnnnnnnn

4. Does the amount of radon in a building depend mainly on the
a. Type of machines or appliancesinit ....................
b. Or the amount of radon in the underlyingsoil .............
c. Don'tknow (DON'TREAD) ........coiiiiiininnannnnnn

5. Do the risks from radon exposure
a. Increase the longeryou areexposed ...................
b. Or stay the same no matter how long you are exposed ... ..
c. Don'tknow (DONTREAD) .......c.vieiiieennanannnn

6. When radon is measured in a building, the level will
a. Depend on the time of year it's measured ...............
b. Not depend on the time of year it's measured ............
c. Don'tknow (DONTREAD) ........cc.ovvveieennnnnnnnn

7. Are radon levels usually higher in the
a. Basementorlowestfloor ........... ..ot
b. Orthe highestfloor .............ciiiiiiiiennnnnnnnns
c. Don't know (DON'TREAD) ............. e

8. Will people’s risk from radon exposure
a. Increase ifthey smoke .................ccciiuiiiiann.
b. Or stay about the same if theysmoke ........... P
c. Don'tknow (DON'TREAD) .......covvriinennannnnnnn

9. Can the level of radon in a home or building be reduced by
a. Increasing the amount of air ventilation .................
b. Or by adding atticinsulation ..........................
c. Don'tknow (DON'TREAD) ........ccviviiinennnnnnnn

10. Are household appliances such as furnaces or clothes dryers
a. Increase the amount of radon by lowering inside air pressure

b. Or decrease the amount of radon by ventingitoutside ............................
C. DOt know (DON'TREAD) . . ...ttt ettt ettt tee e eeeaeeiaaennnnens

-----------------------
-----------------------

-----------------------

.......................
.......................

-----------------------
.......................

.......................
.......................

.......................

-----------------------
------------------------

.......................
.......................

.......................

.......................
.......................

-----------------------

.......................
.......................

.......................

-----------------------
-----------------------

-----------------------
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Record

Responses

11. Would the effectiveness of ways to reduce radon in homes or buildings

a. Be the same for all housing or building types. . ... .......coitiiii i iniiniinennn.. o1

b. Or depend on the features of eachhome orbuilding ................ ..ottt 02

C. DOt know (DON'T READ) . ..o ii ittt ettt eiiestennneneennnaannns e 94
12. Will drawing radon away from the home or building before it enters

a. Usually involve several thousand dollars and an experienced contractor .............. 01

b. Or be done cheaply and quickly by almostanyone ..............cccoviiienannn.n. 02

C. DONtknow (DONT READ) . ..ottt ttaneeeaenanaanaaneenenennns 94

Now I'd like to ask you a few questions about any information you may have read or heard about
radon.

13. During the past 3 months, have you read or heard anything in the news about radon?
01 -Yes
02 No — (GO TOQ.76)

14. About how many times during the last 3 months have you read or heard anything in the news?
(RECORD NUMBER)

15. Some people may have done more than others to find out about radon.
Have you ever . . . (READ LIST) DON'T
YES NO KNOW

a. Bought a newspaper or a magazine specifically to read something about

- a0 £ P 0l... 02 ...94
b. Tuned into a television or a radio program speciﬂcally tolearn aboutradon? .. 01 ... 02 ... 94
¢. Obtained information from a library aboutradon? ........................ 01... 02 ... 94
d. Contacted a federal, state, or local government agency to get lnforrnatlon

=T 1T} - To [ 4 PR 01... 02 ... 94
e. Attended a public or neighborhood meeting about radon? ...... e, ... 01 ... 02 ... 94
f. Discussed radon with friends and relatives? ............................ 01 ... 02 ... 94
g. Done anything else that | haven’t mentioned to obtain information about

radon? (IF YES, ASK: What was that?) (RECORD ANSWERS BELOW) ....... 01... 02 ...94




16. If you decided you wanted to know more about radon, which government agency would you be

17.

18.

19.

most ljkely to turn to for more radon information? (DO NOT READ LIST. PROBE FOR SPECIFIC

AGENCY IF RESPONDENT SAYS GOVERNMENT. CIRCLE YES OR NO FOR ANSWERS. RECORD OTHER

RESPONSES IN BLANKS.) YES NO
NYSERDA (or people conducting this study) ..........ccovetiiiinerinrenennrennnns o1... 02
State Health Department ........ ... it tiiiiieiitennrenansanacsronsaasanns o1... 02
LocalHealthDepartment .......... ...t ireeiiiinennennns e eeeeeaaa 01... 02
State Environmental Protection AgenCY ............c.vuveeeenmanreereererannnnens o1 ... 02
Federal Environmental Protection AQenCy . ... ...iiiien e iiiinennansneasnan 01... 02
Other (specify) e iieiieeaenae. o1

Other (specify) e eteteraaans o1

I T 10 Q4 o P 94

There are many different ways to get information about radon. 'm going to read a list of ways the
State might make radon information available to homeowners. Please tell me how likely you’d be to

use the information sources | name.

Very Very Don't
Likely Likely Unlikely Unlikely Know
In a booklet mailedtoyourhouse ..................... 01 ....02.... 03 ....04.... 94
From a speaker at a neighborhood meeting ............ .01 ....02.... 03 ....04.... 94
Presented by a panel of experts at a meeting in your city ‘
ortown .......... ittt it ettt 01 ....02.... 03 ....04.... 94
Shown on a television special aboutradon ............. 01....02.... 03 ....04.... 94
Made available on a videocassette that you could borrow ' ’ .
from a local library .. ... S P 01 ....02.... 03 ....04.... 94
In your opinion, who or what is responsible for the high radon levels in some homes?
(DO NOT READ LIST. CIRCLE ANY THAT RESPONDENT MENTIONS.)
a. No one is responsible ......... e esssasnesansnassnacanansosasaseasasnaneansonenan o1
b. Builders ............iviiiiiiiiierneeiianenniennns @ ettt o1
C INAUSHTY .. i it i it et et et e et e et ()}
d. Federalgovernment . ...........cciuiniirenenennnenrennnnnnnns e eeeeeenreareaeeea o1
6. State GOVEIMMENt . .. ... . ittt ittt tat et et e aaae 01
£ Local GOVEIMMONt ... . ittt ittt ie ittt et et e e e e 01
o O o (0 T=T 4T - 01
TR - (- Y o1
i. Utility company ...........ccovvuevnnn.. i et e eeee et o1
j- Other (specify) U 01
k. Don'tknow (DON'TREAD) . . . ..ottt ittt et ete et staersetananeseeennns 94
Please tell me whether you agree or disagree with the following statements.
Strongly Strongly Don't
Agree Agree Disagree Disagree Know
a. Radon is a serious concern in the city or town
youlive in ...ttt ettt e, o1 ..... 02..... 03 ...... 04 ..... 94
b. Radon is a serious concern in your
neighborhood .......... ... ... . i, o1 ..... 02..... 03 ...... 04 ..... 94
¢. The concern about radon is greatly exaggerated ... 01 ..... 02..... 03 ...... 04 ..... 94

4



20. Compared to other health risks people face, how serious a health risk is radon—on a scale from 1 to
10 with 1 being not at all serious and 10 being very serious. (RECORD RESPONSE AND PROBE FOR

RAAI(.‘E NR NIIMRER

TAAT =R A A2t g n)

21. Now, I’d like you to think about risks you and your household face.
a. On that same 1 to 10 scale, how serious are risks you (and your household)
face from auto accidents?

b. On that same 1 to 10 scale, how serious are risks you (and your household)
face from home accidents?

On that same 1 to 10 scale, how serious are risks you (and your household)
face from being exposed to hazardous wastes from factories or landfills?

h

d. On that same 1 to 10 scale, how serious are risks you (and your household)
face from being exposed to radon?

22. 1 am going to ask you about different causes of death. It may help you to know that heart disease is
the single highest cause of death, accounting for about 750,000 deaths per year. Floods cause
about 150 deaths per year. Please tell me how many people you think will die during the next vear
from being exposed to radon—about

a 10orless .......cciiiiiiiiaann. o1
b, 100 .. ..iiii it it 02
C 1000 ...t it 03
d. 10000 ........iiiii i 04
e 100000 .........coniiiiiiiiaaa 05
f. Don’t know (DON'TREAD) .......... 94

(IF NECESSARY, REPEAT THE NUMBER OF DEATHS FROM HEART DISEASE AND FLOODS. ALSO,
REPEAT CHOICES. IF RESPONDENT GIVES A SPECIFIC NUMBER, PLEASE ASK HIM FOR THE CHOICE
HE THINKS IS CLOSEST.)

23. Please tell me if you agree or disagree with the following statements about radon compared to

other risks. Strongly Strongly Don't
Agree Agree Disagree Disagree Know

The risk of dying from radon is very similar to the risk

ofdyingfromfloods ................. ... il o1 ....02..... 03 ...... 04..... 94
The risk of dying from radon is very similar to the risk ,
of dying from auto accidents ..................... 01 ....02..... 03 ...... 04 ..... 94

The risk of dying from radon is very similar to the risk
of dying from chemicals in abandoned hazardous

wastesites ....... .o i i i e o1 ....02..... 03 ...... 04 ..... 94
The risk of dying from radon is very similar to the risk

of-dying from a nuclear power plant accident ........ o1t ....02..... 03 ....... 04 ..... 94
. The risk of dying from radon is very similar to the risk

of dying fromleukemia ........... ... ... ... . ... ot ....02..... 03 ...... 04 ..... 94



24. Please tell me if you agree or disagree with the following statements about radon.

Radon usually involves death

oo o

Radon could kill large numbers of people at one
time
e. Most people who have radon in their homes ¢an

controliteasily ..........cciiiiiiiiiat

f. Most people who have radon in their homes
know it

g. Most people who have radon in their homes have

learned to live with it

Radonisanewrisk ..........veiiuennnn.

Radon usually involves suddendeath .........

...................................

.................................

SECTION Ilil: HOUSEHOLD AND DWELLING CHARACTERISTICS

Now, Mr./Ms.
yourself and your house.

25. Please tell me how well each of the following statements I read describes you.

a. You usually try to fix things around the house ...

Strongly Strongly Don’t
Agree Agree Disagree Disagree Know
.. 01 .02..... 03 ...... 04 ..... 94
.. 01 02..... 03 ...... 04 ..... 94
.. 01 .02..... 03 ...... 04 ..... 94
.. 01 .02 ..... 03 ...... 04 ..... 94
.. 01 02..... 03 ...... 04 ..... 94
.. o1 02..... 03 ...... 04 ... o4
.. 0Ot 02..... 03 ...... 04 ..... 94

we're almost finished. I’'m'going to ask a few questions about

b. You usually wait until you have a lot of information”

before you decide to buy something like a new
appliance

c. You often question information from experts or

otherauthorities ............ccoveeeun....

d. You often feel uncomfortable making decisions
about complicated purchases like a heating

systemforyourhome ......................

e. You are used to working with nhumbers or math

because of your job or some other interests . ...

f. You always ask your physician a lot of questions

or regularly read articles about health . ........

g. You exercise regularly or watch what you eat to
protect your health

h. You wear your seatbelt every time you drive your .

car

i. You have bought more life insurance than you
probably need

...............................

........................

...........................

Very  Fairly Not at Don't

Well Well Somewhat AllWell Know
L0l ... 02..... 03 ...... 04 ..... 94
.. ot 02..... 03 ...... 04 ..... 94
.. o 02..... 03 ...... 04 ..... 94
.. o .02 ..., 03 ...... 04 ..... 94
. 01 .02..... 03 ...... 04 ..... 94
.. o1 .02..... 03 ...... 04 ..... 94
.. o1 02..... 03 ...... 04 ..... 94
.. 01 .02..... 03 ...... 04 ..... 94
.. 01 .02..... 03 ...... 04..... 94



26. During our last interview, we asked you several questions about your home such as type of furnace,
windows, and the like. Since that interview, have you made any of the following major changes to

27.

28.

29.

30.

your home? Have you:

If Yes, record date and amount spent

Date
Dont | (Record month number, | Amount Spent

Changes Yes No Know |eg., 7 = Jan, 2 = Feb.) ()
a. Changed your attic insulation .. 01 02 94
b. Caulked your windows or doors .| O1 02 94
c. Installed a new furnace or

air-conditioning system ....... o1 02 94
d. Changed your doors or windows| 01 02 94
e. Sealed cracks in your basement| 01 02 94
f. Changed how much time you or

your family spend in the

basement .................. o1 02 94
g. Made any other major changes

(describe)

o1 02 94

h. Other ' o1 02 94
i. Other 0 02 94

How many years have your lived at this address?

How many people are in your household?

How many are children under 12?

years

What was the last grade of regular school that you completed—not counting specialized schools

like secretarial, art, or trade schools?

Noschool .............. ... ... o1
Grade school (1-8) ................. 02
Some high school (9-11)............. 03
High school graduate (12)........... 04
Some college (13-15)............... 05
College graduate.................. 06
Postgraduate (17+)................. 07
Refused .............coiiiiiann, 97




Telephone No.

Radon Information Effectiveness Survey:
Comparison Group Baseline Questionnaire

SECTION I: RADON KNOWLEDGE

Is radon a
a. Colorless, 0dorless gas . ...........ciuiiiiiii et
b. Or a chemical given off by radarequipment .. ........................
C. Domtknow (DON'T READ) . ... .ottt iineannenaaannaanns
Is radon caused by
a. Industrial pollution ......... ... ... i i i i i it
b. Orthe natural breakdownof uranium . ........ ... ... ... iiuievnnnn
C. Dont Know (DON'TREAD) .....ooiiiiiiiitiiiieineennennnranenns
Are high levels of radon likely to cause
a Minorskin problems ....... ..ottt ittt
B, OrIUNG CANCOr ... .. ittt iiis i imieenesenasrarencanaennnnns
c. Don't know (DONTREAD) ..........c.oiiiiiiininnninannns eeeeann
Does the amount of radon in a building depend mainly on the
a. Type of machines or appliances in it e
b. Orthe amount of radon in the underlyingsoil .........................
C. Don'tknow (DONTREAD) . .....cuiiuniiiienneennnerenansonnanens
. Do the risks from radon exposure
a. Increase the longer you areexposed ..............cccviiiinnnenninnn
b. Or stay the same no matter how longyouareexposed .................
c. Don't know (DON'TREAD) .........c.iiiiiiiiianninineaeninannans
When radon is measured in a building, the level will
a. Depend on the time of yearit'smeasured ...........................
b. Not depend on the time of yearit's measured .............covvueunn..
C. Don'tknow (DONTREAD) . ....iiir ittt irainneennnnnns
Are radon leveis usually higher in the
a. Basementorlowestfloor .......... ... .. i ittt
b. Orthe highest floor .........ccoviiiiiiiii ittt iireernnannns
C. Don't know (DON'TREAD) . .....oinine e iii e ieeannennennns
Will people’s risk from radon exposure
a. Increase ifthey smoke ...............iiiiiiinienineneneeennannans
b. Or stay aboutthe sameiftheysmoke .............covvirirninnnnnn..
C. Dont know (DON'T READ) . ...ttt itiiiinineeeeenseanans

-----------

-----------

-----------

-----------

-----------

-----------

OMB 2010-0014
Expires 5/88

I am going to ask some multiple choice questions about radon. Please choose the answer you think is
correct or answer “l don't know” if that’s your best answer.

Record
Responses
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10.

S
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12.

Can the level of radon in a home or building be reduced by

o P

Are household appliances such as furnaces or clothes dryers likely to

a. Increase the amount of radon by lowering inside airpressure ..................

b. Or decrease the amount of radon by ventingitoutside .......................
C. Dont know (DON'TREAD) ... vvueetieiiiieeeiitnsennnraanenns e

Would the effectiveness of ways to reduce radon in homes or buildings

s aw e Y W e s SE= g LT ISR

a. Be the same for all housing or buildingtypes ............. ...t
b. Or depend on the features of each home orbuilding . ........................
c. Dontknow (DON'T READ) . ... ittt eaicneiinnaaaranansanns

Will drawing radon away from the home or building before it enters

a. Usually involve several thousand dollars and an experienced contractor . ........
b. Or be done cheaply and quickly by almostanyone ..........................
c. Don't know (DON'T READ) . ... ooueei ittt iiiiiiiineaeennanannnnans

. Increasing the amount of air ventilation ................. ... ..ol
. Or by adding atticinsulation .............. il
C. Dot know (DON'T READ) ..ottt iiieeiaetnseannanaanns

Record

Dasmana

RESPOoNses

.....

-----

-----

.....

o1
02
94

o1
02
94

01
02
94

01
02
94

Now I'd like to ask you a few questions about any information you may have read or heard about
radon.

13. During the past 3 months, have you read or heard anything in the news about radon?

14.

15.

01 Yes
02 No — (GO TO Q.16)

About how many times during the last 3 months have you read or heard anything in the news?

(RECORD NUMBER)

DON'T

Some people may have done more than others to find out about radon.
Have you ever . . . (READ LIST) NO KNOW
a. Bought a newspaper or a magazine specifically to read something about

radon? ......... i ettt rreee et aeaes e .. 02 ...94
b. Tuned into a television or a radio program specifically to learn aboutradon? .. 01 ... 02 ... 94
¢. Obtained information from a library aboutradon? ........................ 01... 02 ... 94
d. Contacted a federal, state, or local government agency to get information

=Y oY1 13 Q- Vo Lo 1 0o1... 02 ... 94
e. Attended a public or neighborhood meeting aboutradon? ................. 01... 02 ... 94
f. Discussed radon with friends and relatives? ................cocioiiin, 01... 02 ...94
g. Done anything else that | haven’t mentioned to obtain information about

radon? (IF YES, ASK: What was that?) (RECORD ANSWERS BELOW) ........ 01 ... 02 ... 94




16. If you decided you wanted to know more about radon, which government agency wouid you be
most likely to turn to for more radon information? (DO NOT READ LIST. PROBE FOR SPECIFIC
AGENCY IF RESPONDENT SAYS GOVERNMENT. CIRCLE YES OR NO FOR ANSWERS. RECORD OTHER

RESPONSES IN BLANKS.) YES NO
NYSERDA (or people conducting thisstudy) ............coiiiiiiiiiiiiiiiieenn. 01... 02
State Health Department . .. ... ... ..ottt iiii ittt iitneenenienrneenanns 0o1... 02
Local HealthDepartment ... ...ttt iiiterarionnonnanennns 01... 02
State Environmental Protection Agency ............... ettt e 01... 02
Federal Environmental Protection AgencCy . ......cciit i ie ittt inreenncnernnnnns 01 ... 02
Other (specity) o e 01

Other (specify) e 01

[T T3 {3 T T 94

17. There are many different ways to get information about radon. I’'m going to read a list of ways the
State might make radon information available to homeowners. Please tell me how likely you'd be to
use the information sources | name.

Very Very Don’t

Likely Likely Unlikely Unlikely Know
In a booklet mailedto yourhouse ................. ....01....02.... 03 ....04.... 94
From a speaker at a neighborhood meeting ............. 01....02.... 03 ....04.... 94
Presented by a panel of experts at a meeting in your city
OFBOWN ..ot ii ittt itenttannsocsnsacanasannennenns 01....02.... 03 ....04.... 94
Shown on a television special aboutradon ............. 01 ....02.... 03 ....04.... 94"
Made available on a videocassette that you could borrow :
fromalocallibrary ........c.coviriiiiniiennanennns 01 ....02.... 03 ....04.... 94

18. In your opinion, who or what is responsible for the high radon levels in some homes? (DO NOT
READ LIST. CIRCLE ANY THAT RESPONDENT MENTIONS.)

a. Nooneisresponsible .................. o1 g. Homeowners ............. eeieeaae o7
b. Builders ..........cciiiiiiiiiiainn. 02 h.Nature ...........cciiiiiinnnnennn o8
C Industry ... . ... i, 03 i. Utilitycompany ..................... 09
d. Federalgovernment .................... "04. j. Other (specify) ~.... 10
e. State government ..................... 05 k. Don’t know (DON'TREAD) ....... S 94
f. Localgovernment ..................... 06 -

19. Please tell me whether you agree or disagree with the following statements.

Strongly Strongly Don’t
Agree Agree Disagree Disagree Know

a. Radon is a serious concern in the city or town

youlivein ... ...oiiii i i e 01 ..... 02..... 03 ...... 04 ..... 94
b. Radon is a serious concern in your :

neighborhood ............. ... ... ... .. ..... o ..... 02..... 3 ...... 04 ..... 94
c. The concern about radon is greatly -

exaggerated .......... ... . i o..... 02..... 03 ...... 04..... 94



SECTION Il:- RADON RISK INFORMATION

20. Compared to other health risks people face, how serious a health risk is radon—on a scale from 1 to
10 with 1 being not at all serious and 10 being very serious. (RECORD RESPONSE AND PROBE FOR
RANGE OR NUMBER.)

21. Now, I'd like you to think about risks you and your household face.

a. On that same 1 to 10 scale, how serious are risks you (and your household)
face from auto accidents?

b. On that same 1 to 10 scale, how serious are risks you (and your household)
face from home accidents? ;

c. On that same 1 to 10 scale, how serious are risks you (and your liousehold)
face from being exposed to hazardous wastes from factories or landfills?

d. On that same 1 to 10 scale, how serious are risks yc;u (and your household)
face from being exposed to radon?

22. 1 am going to ask you about different causes of death. It may help you to know that heart disease is
the single highest cause of death, accounting for about 750,000 deaths per year. Floods cause
about 150 deaths per year. Please tell me how many peopie you think will die during the next year
from being exposed to radon—about

a. 10orless ........ccoiiiiiiinennnn 01
b. 100 ... . i e 02
C. 1000 ...t ittt 03
d. 10000 ........ciiiii ittt 04
e 100000 .........ciiiiiiiiiiaanns 05
f. Don'tknow (DON'TREAD) .......... 94

(IF NECESSARY, REPEAT THE NUMBER OF DEATHS FROM HEART DISEASE AND FLOODS. ALSO,
REPEAT CHOICES. IF RESPONDENT GIVES A SPECIFIC NUMBER, PLEASE ASK HIM FOR THE CHOICE
HE THINKS IS CLOSEST)



SECTION Ill: HOUSEHOLD AND DWELLING CHARACTERISTICS

Now, Mr./Ms. : we're almost finished. I'm going to ask a few questions about
yourself and your house.
23. Please tell me how well each of the following statements | read describes you.

24,

25.

26.

Very Fairly . Notat Don’t
Well Well Somewhat AllWell Know

a. You usually try to fix things around the house.
Does thatdescribeyou ...................... o1 ....02..... 03 ...... 04 ..... 94

b. You usually wait until you have a lot of information
before you decide to buy something like a new

appliance. Does that describeyou .............. o1 ....02..... 03 ...... 04 ..... 94
c. You often question information from experts or
other authorities. Does that describe you ........ 01 ....02..... 03......04..... 94

d. You often feel uncomfortable making decisions
about complicated purchases like a heating
system for your home. Does that describeyou .... 01 ....02..... 03 ...... 04 ..... 94

e. You are used to working with numbers or math
because of your job or some other interests. Does
thatdescribeyou .............cccviiiininenn, ot ....02..... 03 ...... 04 ..... 94

f. You always ask your physician a lot of questions
or regularly read articles about heaith. Does that '
describeyou ...... ...ttt it o1 ....02..... 03 ...... 04 ..... 94

g. You exercise regularly or watch what you eat to
protect your health. Does that describe you . . .... 01 ....02.....03...... 04 ..... 94
h. You wear your seatbelt every time you drive your .
car. Does thatdescribeyou ................... 01 ....02..... 03 ...... 04 ..... 94
i. You have bought more life insurance than you
probably need. Does that describeyou .. ........ o1 ....02..... 03 ...... 04 ..... 94
How many years have your lived at this address? _—  _Yyears
Was your dwelling buiit:
Before1940 . ..................... 01
Between 1940 and 1976 ............ .02
After 1976 ..........cciiieunnn.. 03
Don't know (DON'TREAD) .......... 94 — PROBE “Approximately”?

Have you had your home tested for radon?
D =1 O 01 — When did you get your resuits? . month




27. a. Do you have a full or partial basement?

Yes............ 01 — CONTINUE
No ...t 02 — SKIPTOQ.28

b. Do you use any part of your basement as a living space such as a recreation room, family room,

bedroom, etc.?

Yes ............. ... O
No ... ...l 02
c. Is any part of your basement floor exposed earth?
Yes . ...l 01
No .........cociunnn 02

28. In the past 6 months, have you made any of thé following major changes to your home? Have you:

It Yes, record date and amount spent

Date
Don’t | (Record month number, | Amount Spent

Changes Yes No | Know |eg., 7 = Jan.;2 = Feb.) (s)
a. Changed your attic insulation ..| 01 02 94
b. Caulked your windows or doors .| 01 02 94
c. Installed a new furnace or

air-conditioning system ....... o1 02 94
d. Changed your doors or windows{ 01 02 94
e. Sealed cracks in your basement{ 01 02 94
f. Changed how much time you or

your family spend in the

basement .................. o1 02 94
g. Made any other major changes

(describe)

01 02 94

h. Other 01 02 94
i. Other : o1 02 g4

29. How many people are in your household?

30. How many are children under 12?

31. How many people smoke tobacco?

32. What was the last grade of regular school that you completed—not counting specialized schools

like secretarial, art, or trade schools?

Noschool ........................ n
Grade school (1-8) ................. 02
Some high school (8-11). ... ......... 03
High school graduate (12)........... 04

Some college (13-15)

College graduate.........
Postgraduate (17+)........
Refused.................

...........




33. What is your occupation? (C/RCLE APPROPRIATE CATEGORY.)
a. Professional or technical (accountant, engineer, lawyer, teacher,

technician, writer, designer) . .........c.ci ittt o1
LT Ty - 02
c. Manageriat (official, proprietor, administrator, buyer, superintendent) ..... 03
d. Clerical (teller, clerk, adjuster, receptionist, secretary, bookkeeper) . .. ... 04
e. Sales worker (stockbroker, sales clerk, insurance, advertising) .......... 05
f. Craftsman (foreman, electrician, dental technician, mechanic, plumber) .. 06
g. Operative (butcher, machine operator, seamstress, assembler) .......... Q7
h. Transport operative (busdriver, truckdriver, cabbie) ................... 08
i. Service worker (maid, butler, dental assistant, waiter, nurse’s aid,
hairdresser, policeman, fireman) .............ccciiiviiernnennnenn. 09

j. Laborer (garbage collector, construction worker, longshoreman) . 10
Ko Retired . ... it i it e et e it e 1
TR T L= 1 | S 12
m.Unemployed ... ... i ittt 13
N Housewife ........ . ittt it et tenarnanas i4
o. Other(specity) — ___ e 15
p. DONtknow (DON'TREAD) . .. ..ottt ittt ieeieenanannnn 94

34. What is your age?

35. Is your racial or ethnic background
White or Caucasian ................ o1 Asian or Pacific Islander ............. 04
BlackorNegro ... ... .. il 02 Native Americanindian . ....... e 05
Hispanic ........................ 03

36. (PLEASE INDICATE SEX OF THE RESPONDENT)
Male ...........iiiiiiiiie e, o1
Female ............ciiiiiiinnnn. 02

38.

What is the market value of your home? $

. PROBE for approximate dollar amounts.

] am going to read some income categories for family income from all sources before taxes during
1985. Please tell me to stop when | get to yours.

$50000runder ................... 01 $50,001-$65000 .............0...... 06
$5001-$15000 ................... 02 $65001-9$80000 .................... 07
$15001-$25000 .................. 03 $80001andover ...............uon.. 09
$25001-$35000 .................. 04 Don't know (DONTREAD) ............. e4
$35,001-350000 .................. 05 Refused ........... ... ... ... ... 97
May | have your name, please?_ R ,
TERMINATION

Thank you very much for your cooperation. Your answers will be most helpful in this st

|:
Q
<




CONTROL FORM FOR THE NEW YORK RADON FOLLOW-UP SURVEY

NTERVIEW START TIME:

AFFIX ASSIGNMENT
LABEL HERE

STOP TIME: NYSERDA

Remail: Booklets Letter

RECORD OF TELEPHONE CONTACTS

DAY OF

WEEK DATE TIME

RESULT TI
CODE |INITIALS

o>

o>

o>

o>

o >

o>

o >

o>

o >

T >

CONTACT RESULT CODES

01 Interview Complete

02 Interview breakoff/partial data

03 Interview Refusal

04 Call back; respondent has not
read the materials

05 Call back: respondent unavailable

06 Call back: ring, no answer
or busy signal

07 Call back; remail materials

08 Unlisted number

09 Not a working or residential
number







SECTION |: INTRODUCTION

Hello, my name is _ : I'm calling from Research
Triangle Institute in North Carolina. We are conducting the follow-up survey of

participants in the State of New York's radon study. | would like to talk with
(READ NAME ON THE ASSIGNMENT LABEL), or the person we spoke with early last
summer about the radon study.

WHEN YOU ARE TALKING WITH THE PERSON WHO WAS PREVIOUSLY INTERVIEWED, RECORD THAT
PERSON'S NAME BELOW.

Respondent’s Name:

Q.1 Did you recently receive radon information booklet(s) and a letter
containing the radon reading for your home? CIRCLE A "YES" OR "NO"
RESPONSE FOR EACH ITEM.

Radon Radon
Booklet(s) Reading
Yes 01 01 If both are "Yes", go to
Statement 2 below
No 02 02 If either is "No", go to
Statement 1 below
STATEMENT 1
There must have been a mailing error. | will notify the project leader and have
the missing material mailed out to you tomorrow. I'll call again after you've

had time to get the materials and read them. | want to confirm your name and
mailing address.

CONFIRM THE PERSON'S NAME AND MAILING ADDRESS. MAKE NECESSARY CORRECTIONS ON
THE ASSIGNMENT LABEL. CHECK WHICH ITEM, BOOKLET OR LETTER, IS TO BE REMAILED.
RETURN THIS CASE TO CEER STAFF.

STATEMENT 2

I'd like to ask some questions about the radon materials. This should take only
a few minutes and your answers will be kept strictly confidential.

4.2 Did you read the radon information booklet(s)?
Yes 01 * Go to Section 2

No 02 + Go to Statement 3
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STATEMENT 3

Since many of my questions are about the information in the booklet(s), | need

to ask the questions after you have had a chance to read them. Would this time.
tomorrow be a good time to call back?

PROBE FOR A CONVENIENT CALLBACK TIME AND RECORD THE TIME IN THE NOTES SECTION ON
THE CONTROL PAGE. IF THE RESPONDENT DECLINES TO BE INTERVIEWED, ASK IF ANOTHER

ADULT MEMBER OF THE HOUSEHOLD HAS READ THE MATERIALS. ATTEMPT TO INTERVIEW THAT
PERSON DURING THIS CALL.

Yes 01 Record callback time
Refused 02 Terminate interview

New Respondent Named 03 Record name of new respondent and attempt to
interview

SECTION II: MATERIALS RECEIPT INFORMATION

RECORD THE DATE OF THE INTERVIEW: /

Q.4 When did you receive the letter with the radon reading? When did you
receive the radon booklet(s)? PROBE FOR APPROXIMATE DATES. USE NUMBERS FOR

MONTH. IF RESPONSE IS "LAST WEEK,” ASK ABOUT HOW MANY DAYS AGO THE
MATERIALS WERE RECEIVED.

Letter With Radon
Radon Reading Booklet(s)
Date / /
Don't know 94 94

Q.5 When did you last read the materials? PROBE FOR APPROXIMATE DATE.

Date /

Don't know 94

Q.6 Altogether, about how long did you spend reading the materials? PROBE- FOR
APPROXIMATE TIME. RECORD TIME IN MINUTES.

Minutes

Don’t know 94

NYSERDA



SECTION Ill: RADON INFORMATION BOOKLET EVALUATION

Q.7 The first few questions are about your opinions of the radon booklet with
the white cover. MAKE SURE THE RESPONDENT KNOWS WHICH BOOKLET YOU ARE
REFERRING TO.

For each statement | read, please tell me how strongly you agree or
disagree with it.

Strongly Dis- Strongly Don’t
Agree Agree agree Disagree Know
a. The booklet was
written in everyday
English 01 02 03 04 94
b. The booklet was easy
to follow 01 02 03 04 94
c. The booklet covered
what you needed to
know 01 02 03 04 94
d. The booklet made it easy
for you to evaluate your
risk 01 02 03 04 94
e. The booklet information
was consistent with what
you had already read
about radon 01 02 03 04 94
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Q.8 The booklet explained radon risk as the risk of dying from exposure to
radon over a lifetime. For each statement | read, tell me how strongly you

agree or disagree with it.

Strongly

Agree

a. Explaining radon risk
as a lifetime risk
makes it easy to
understand your radon
risk

b. Explaining radon risk
as a lifetime risk
makes it easy to de-
cide whether to reduce
radon levels in  your
home soon

c. Explaining radon risk
as a lifetime risk
makes it easy to compare
radon with other health
risks

01

01

01

02

02

02

Dis- Strongly Don’'t
Agree agree Disagree Know

03

03

03

04 94
04 94
04 94

Q.9 For the next question, I'd like you to think about whether features of the
main radon risk chart in the middle of the white booklet helped or did not
help you understand your radon risk. For each feature | read, tell me if it
helped, did not help, or confused you.

a. Numbers on the chart

b. Comparison of radon risk
with smoking

c. Comparison of radon risk
with x-rays

d. Comparison of radon risk with
an occupational risk

e. Colors on the chart

Don't

Helped No Help Confused Know

01

01

01

01

01

02

02

02

02

02

03

03

03

03

03

94

94

94

94

94

NYSERDA



Q.10 Was there anything else about the chart that you found to be particularly

helpful or confusing?

Helpful:

Helpful

Confusing:

Confusing:

Q.11 Which color on the radon risk
DON'T READ THE LIST

GREEN
YELLOW
ORANGE
RED
OTHER

DON'T RECALL

chart did your radon reading correspond to?

01

02

03

04

05

94

SECTION 1V: RISK ADJUSTMENT

Q.12 The lifetime risk of dying was calculated for a typical household. Did you
think that your risk or your household's risk was typical, or did you
adjust the typical lifetime risk for your household's circumstances? DO

NOT READ THE LIST

ADJUSTED LIFETIME RISK

USED LIFETIME RISK

NEITHER USED NOR ADJUSTED
THE RISK

01 + Go to Q.14

02 *+ Go to 4.13

03 * Go to 4.13

NYSERDA



Q.13 People have different reasons for not making an adjustment. Was there a
particular reason why you did not adjust the risk to fit your own
circumstances? DON'T READ THE LIST.

a. BOOKLET TOLD ME TO USE THE LIFETIME RISK 01
b. YOUR TYPICAL LIFETIME RISK WAS SO LOW THAT
YOU DIDN'T NEED TO MAKE AN ADJUSTMENT 02
c. YOU WERE NOT SURE HOW TO MAKE AN ADJUSTMENT 03 FOR ANY
RESPONSE
d. THE TYPICAL LIFETIME RISK FITS YOUR GO TO 4.16
PRESENT CIRCUMSTANCES 04
e. DIDN'T THINK ABOUT DOING IT 05
f. OTHER REASON (SPECIFY)
06
g. DON'T KNOW 94

Q.14 Did you adjust the risk for yourself, another adult, children, or for the
household as a whole? CHECK WHO THE ADJUSTMENTS WERE MADE FOR. THEN

ASK....

Compared to the typical lifetime risk, was the adjusted risk for (you, the
other adult, the children, the household) (READ ITEMS a. THROUGH e.
BELOW). REPEAT LIST FOR EACH PERSON ADJUSTMENT WAS MADE FOR.

Respondent Adult Children Household

a. Much lower 01 01 01 01
b. Lower 02 02 02 02
c. About the same as 03 03 03 03
d. Higher 04 04 04 04
e. Much higher 05 05 05 05
f. DON'T KNOW

(DONT READ) 94 94 94 94
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Q.15 For each factor | read, tell me if you considered it in adjusting the
typical lifetime risk for (yourself, the other adult, the children, the
household) . READ ITEMS a. THROUGH f. BELOW FOR EACH PERSON THE ADJUSTMENT
WAS MADE FOR. CIRCLE THE APPROPRIATE NUMBER TO INDICATE WHICH FACTOR WAS
CONSIDERED.

Respondent Adult Children Household
a. Age 01 01 01 01
b. The length
of time lived
in your

present home 02 02 02 02

c. How many hours
spent at home

each day 03 03 03 03
d. Present health 04 04 04 04
e. Smoking habits 05 05 05 05

f. How much time
spent in certain
parts of the
house - for example,
in the base-
ment 06 06 06 06

SECTION V: RISK MITIGATION

4.16 Since receiving your radon reading, have you or anyone in your household
done anything, made any plans to do anything, or considered doing anything
to reduce your household’s exposure to radon?

Yes 01 <+ Go to Q.17
No 02 = Go to Q.18

Don’'t know 94 <+ Go to Q.18

NYSERDA



Q.17 Please tell me what has been done, planned, or considered? DON'T READ
ITEMS a. THROUGH q. IF ACTION INVOLVES A TECHNICAL CHANGE OR EQUIPMENT,

PROBE FOR ESTIMATED COST.

BEHAVIORAL CHANGES

~

m.

EITHER STOP OR, CUT DOWN ON
SMOKING INSIDE THE HOME

REDUCE THE AMOUNT OF TIME
SPENT IN CERTAIN AREAS OF
YOUR HOME - FOR EXAMPLE,
IN THE BASEMENT

OPEN WINDOWS AND TURN ON FANS
TO INCREASE AIR FLOW INTO AND
THROUGH THE HOUSE

ARRANGE FOR MORE RADON TESTS
CONTACT A CONTRACTOR

OPEN THE CRAWL-SPACE VENTS ON
ALL SIDES OF THE HOUSE

REVIEW THE MATERIALS AGAIN AND

THEN DECIDE WHAT TO DO

OTHER (SPECIFY)

TECHNICAL OR EQUIPMENT CHANGES

INSTALL NATURAL VENTILATION

INSTALL FORCED VENTILATION

HEAT RECOVERY VENTILATION

. COVER EXPOSED EARTH

SEAL CRACKS AND SPACES

INSTALL DRAIN TILE (RIPE) SUCTION

INSTALL BLOCK-WALL VENTILATION

INSTALL SUB-SLAB SUCTION

. OTHER (SPECIFY)

Done

Done

01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

Planned

02

02

02

02

02

02

02

02

Planned

02

02

02

02

02

02

02

02

02

Considered

Considered

03

03

03

03

03

03

03

03

03

03

03

03

03

03

03

03

03

Cost

NYSERDA



Q.18 Since we talked with you last summer, have you made any of the following major

changes to your home? Have you (READ ITEMS a. THROUGH g.). ASK FOR THE
APPROXIMATE MONTH EACH CHANGE WAS MADE, AND THE APPROXIMATE COST).

Yes

a. Changed your attic

insulation 01
b. Caulked your windows or doors 01
c. Installed a new furnace or air

conditioning system 01
d. Changed your doors or windows 01
e. Sealed cracks in your basement 01
f . Installed an air-to-air heat

exchanger 01

Made any other changes

(describe) 01

No

02

02

02

02

02

02

02

Don’t
Know

94

94

94

94

94

94

94

Month Cost

NYSERDA



SECTION VI: EVALUATION OF RADON REDUCTION METHODS BOOKLET

Q.19 You were also sent a copy of a booklet with a blue cover called "Radon
Reduction Methods." For each statement | read about this booklet, tell me how
strongly you agree or disagree with it.

Strongly Dis- Strongly Don't
Agree Agree agree Disagree Know
a. The booklet was
written in everyday
English 01 02 03 04 94
b. The booklet was easy
to follow 01 02 03 04 94
c. The booklet covered
what you needed to
know 01 02 03 04 94
d. The booklet informa-
tion was easy to apply
to your circumstances 01 02 03 04 94
e. The booklet gave enough
information for you to
make your own evaluation 01 02 03 04 94

f. The booklet information
was consistent with what
you had already read about
radon 01 02 03 04 94

SECTION VII: RADON INFORMATION ACQUISITION AND DISCUSSION

Q.20 Have you discussed your radon reading or the booklets with anyone else?
Yes 01+ Go to Q.21

No 02 *+ Go to Q.22
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Q.21 Who did you discuss radon with? DON'T READ THE ITEMS. CIRCLE ALL THAT
PROBE BY ASKING WAS THERE ANYONE ELSE.

APPLY.
a.

b.

Q.22 Other

OTHER ADULT MEMBER OF THE HOUSEHOLD

CHILDREN

RELATIVES OUTSIDE YOUR HOME

NEIGHBORS

FRIENDS

PEOPLE AT WORK

CONTRACTORS

PUBLIC OFFICIALS

i. STATE AGENCIES

. FEDERAL AGENCIES

. TOLL FREE TELEPHONE NUMBER IN THE

BROCHURE (NYSERDA OR PROJECT STAFF)

. OTHER (SPECIFY)

OTHER (SPECIFY)

than the materials that we sent, have you read or heard anything, or
inquired about about radon since we talked with you last summer?

Yes 01+ Go to Q.23

No 02+ Go to Q.24

Don’'t know 94+ Go to Q.24

-11-

01

02

03

04

05

06

07

08

09

10

11

12

13
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Q.23 What was the source of that information? DON'T READ THE ITEMS. PROBE FOR
ADDITIONAL SOURCES.

FOR EACH SOURCE MENTIONED, ASK IF WHAT WAS READ OR HEARD WAS BEFORE OR
AFTER RECEIVING THE MATERIALS. UNDER THE APPROPRIATE COLUMN, CIRCLE ALL
SOURCES THAT APPLY.

Before After

a. READ ONE OF THE SOURCES LISTED IN THE BOOKLET 01 02
b. READ A MAGAZINE OR NEWSPAPER ARTICLE 01 02
c. HEARD A TV REPORT ABOUT RADON 01 02
d. HEARD A RADIO REPORT ABOUT RADON 01 02
e. ATTENDED A PUBLIC OR NEIGHBORHOOD MEETING 01 02
f. ASKED A FRIEND OR NEIGHBOR 01 02
g. ASKED YOUR FAMILY DOCTOR ABOUT RADON 01 02
h. ASKED UNIVERSITY OR COLLEGE STAFF 01 02
i. ASKED A GOVERNMENT AGENCY (SPECIFY AGENCY)

01 02
j- ASKED A PUBLIC OFFICIAL (SPECIFY WHO)

01 02
k. OTHER SOURCE (SPECIFY)

01 02
. NONE OF THE ABOVE 01 02
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Q.24 | am going to read a list of ways the State might provide radon information
to residents. Tell me if you would be very likely, likely, unlikely, or
very unlikely to want information from each of these ways?

Very un- Very Don't
Likely Likely likely Unlikely Know

a. A longer booklet con-
taining more detailed
information about radon
risk 01 02 03 04 94

b. A longer booklet con-
taining more detailed
information about how

to reduce radon levels 01 02 03 04 94

c. A panel of experts at
a city or town meeting 01 02 03 04 94

d. A phone call from a

state agency 01 02 03 04 94

Q.25 Suppose a qualified and state licensed person in your area would diagnose
how radon was getting into your home. He would also help you decide what
to do about it and where to find a qualified contractor. If the full cost
of this service was (READ CIRCLED VALUE) $25 $50 $100 $150 $250 %400,
would you purchase the service?

Yes 01
No 02

Don't know 94

SECTION VIII: NEW INFORMATION

Q.26 Now, I'd like to ask you about advising a family in your neighborhood on
whether to reduce radon levels in their home. Suppose your neighbors were

told that their reading for the winter months was (READ CIRCLED NUMBER) 3
4 5 8 10 15 20 30 50 75 picocuries per liter. Would you
advise them to reduce their radon levels?

Yes 01+ Go to Q.27
No 02 #+ Go to Q.28

Don’'t know 94+ Go to Q.28
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Q.27 How soon would you advise them to reduce the levels? READ ITEMS a.

THROUGH e.
a. As soon as possible 01
b. Within several weeks 02
c. Within several months 03
d. Within the next year 04

e. Within the next few years 05

f. DON'T KNOW (DON'T READ) 94

SECTION IX: BASELINE QUESTIONS

Q.28 Now, I'd like you to think about different risks you and your household
face. For each type of risk that | read, please tell me how serious you
think the risk is on a scale from 1 to 10. The number 1 on the scale is
not at all serious and 10 is very serious.

Scale No.

a. On a 1 to 10 scale, how serious are risks
you (and your household) face from auto
accidents?

b. On that same 1 to 10 scale, how serious
are risks you (and your household) face
from home accidents?

c. On that same 1 to 10 scale, how serious
are risks you (and your household) face
from being exposed to hazardous wastes
from factories or landfills?

d. On that same 1 to 10 scale, how serious

are risks you (and your household) face
from being exposed to radon?

Q.29 In general, compared to other health risks people face, how serious a
health risk is radon? Use the same 1 to 10 scale. CIRCLE RESPONSE..

1 2 3 4 5 6 7 8 9 10 94
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Q.30 Please tell me how strongly you agree or disagree with the following
statements about radon risk compared to other types of risk.

Strongly Strongly Don't
Agree Agree Disagree Disagree Know

a. The risk of
dying from
radon is very
similar to
the risk of
dying from
floods 01 02 03 04 94

b. The risk of
dying from
radon is very
similar to the
risk of dying
from chemicals
in abandoned
hazardous
waste sites 01 02 03 04 94

c. The risk of
dying from
radon is very
similar to the
risk of dying
from a nuclear
power plant
accident 01 02 03 04 94

Q.31 Are high levels of radon likely to cause (READ LIST)
a. Minor skin problems 01
b. Or lung cancer 02

c. DONT KNOW (DON'T READ) 94

Q.32 High levels of radon exposure (READ LIST)

a. will irritate the

throat and eyes 01
b. or will not irritate

the throat and eyes 02

c. DON'T KNOW (DON'T READ) 94
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Q.33 When radon is measured indoors, the level (READ LIST)

a. Will depend on whether
the house is closed up 01

b. Or wil not depend on

whether the house is 02
closed up

c. DON'T KNOW (DON'T READ) 94

Q.34 Are radon levels usually higher (READ LIST)

a. In the basement or
lowest floor 01

b. Or on the highest floor 02

c. DONT KNOW (DON'T READ) 94

Q.35 Are people's risk from one year of radon exposure (READ LIST)
a. Much lower than their

risk from a lifetime 01
exposure

b. Or about the same as
their risk from a
lifetime exposure 02

c. DON'T KNOW (DON'T READ) 94

Q.36 Are household appliances such as furnaces or clothes dryers likely to

(READ LIST)
a. Increase the amount of
radon by lowering in- 01

side air pressure

b. Or decrease the amount
of radon by venting it
outside 02

c. DON'T KNOW (DON'T READ) 94

Q.37 Do you still have questions or concerns about radon? If so, what are they?

THAT'S ALL OF THE QUESTIONS | HAVE. THANK YOU FOR YOUR COOPERATION.
-16- NYSERD



CONTROL FORM FOR THE NEW YORK RADON FOLLOW-UP SURVEY

INTERVIEW START TIME:

STOP TIME:

EPA|

AFFIX ASSIGNMENT
LABEL HERE

Remail: Booklets ' Letter

Date

RECORD OF TELEPHONE CONTACTS

DAY OF
WEEK DATE TIME -

NOTES

RESULT
CODE

11
INITIALS

v | o] o> | v v | o> o> | o>»| o>} O

CONTACT RESULT CODES

01 Interview Complete

02 Interview breakoff/partial data

03 Interview Refusal

04 Call back; respondent has not
read the materials

05 Call back; respondent unavailable

06 Call back; ring, no answer

or busy signal

07 Call back; remail materials

- 08 Unlisted number

09 Not a working or residential

-




SECTION I: INTRODUCTION

Hello, my name is . I'm calling from Research
Triangle Institute in North Carolina. We are conducting the follow-up survey of
participants in the State of New York's radon study. | would like to talk with

(READ NAME ON THE ASSIGNMENT LABEL), or the person we spoke with early last
summer about the radon study.

WHEN YOU ARE TALKING WITH THE PERSON WHO WAS PREVIOUSLY INTERVIEWED, RECORD THAT
PERSON'S NAME BELOW.

Respondent’s Name:

Q.1 Did you recently receive radon information booklet(s) and a letter
containing the radon reading for your home? CIRCLE A "YES" OR “NO”
RESPONSE FOR EACH ITEM.

Radon Radon
Booklet(s) Reading
Yes 01 01 If both are "Yes", go to

Statement 2 below

No 02 02 If either is "No", go to
Statement 1 below

STATEMENT 1
There must have been a mailing error. | will notify the project leader and have
the missing material mailed out to you tomorrow. I'll call again after you’'ve

had time to get the materials and read them. | want to confirm your name and
mailing address.

CONFIRM THE PERSON'S NAME AND MAILING ADDRESS. MAKE NECESSARY CORRECTIONS ON
THE ASSIGNMENT LABEL. CHECK WHICH ITEM, BOOKLET OR LETTER, IS TO BE REMAILED.
RETURN THIS CASE TO CEER STAFF.

STATEMENT 2

I'd like to ask some questions about the radon materials. This should take only
a few minutes and your answers will be kept strictly confidential.

Q.2 Did you read the radon information booklet(s)?
Yes 01 <+ Go to Section 2

No 02 + Go to Statement 3

o1 EPA



STATEMENT 3

Since many of my questions are about the information in the booklet(s), | need
to ask the questions after you have had a chance to read them. Would this time
tomorrow be a good time to call back?

PROBE FOR A CONVENIENT CALLBACK TIME AND RECORD THE TIME IN THE NOTES SECTION ON
THE CONTROL PAGE. IF THE RESPONDENT DECLINES TO BE INTERVIEWED, ASK IF ANOTHER
ADULT MEMBER OF THE HOUSEHOLD HAS READ THE MATERIALS. ATTEMPT TO INTERVIEW THAT
PERSON DURING THIS CALL.

Yes 01 Record. callback time

Refused 02 Terminate interview

New Respondent Named 03 Record name of new respondent and attempt to
interview

SECTION II: MATERIALS RECEIPT INFORMATION

RECORD THE DATE OF THE INTERVIEW: /

Q.4 When did you receive the letter with the radon reading? When did you
receive the radon booklet(s)? PROBE FOR APPROXIMATE DATES. USE NUMBERS FOR
MONTH. IF RESPONSE IS “LAST WEEK," ASK ABOUT HOW MANY DAYS AGO THE
MATERIALS WERE RECEIVED.

Letter With Radon
Radon Reading Booklet(s)
Date / /
Don't know 94 94

Q.5 When did you last read the materials? PROBE FOR APPROXIMATE DATE,

Date /

Don't know 94

Q.6 Altogether, about how long did you spend reading the materials? PROBE FOR
APPROXIMATE TIME. RECORD TIME IN MINUTES.

Minutes

Don't know 94

2. EPA



SECTION I1l: RADON INFORMATION BOOKLET EVALUATION

Q.7 The first few questions are about your opinions of the radon booklet with
the white cover. MAKE SURE THE RESPONDENT KNOWS WHICH BOOKLET YOU ARE
REFERRING TO.

For each statement | read, please tell me how strongly you agree or
disagree with it.

Strongly Dis- Strongly Don't
Agree Agree agree Disagree Know
a. The booklet was
written in everyday
English 01 02 03 04 94
b. The booklet was easy
to follow 01 02 03 04 94
c. The booklet covered
what you needed to
know 01 02 03 04 94
d. The booklet made it easy
for you to evaluate your
risk 01 02 03 04 94
f. The booklet information
was consistent with what
you had already read
about radon 01 02 03 04 94
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Q.8 The booklet explained radon risk as the risk of dying from exposure to

radon over a lifetime.

agree or disagree with it.

Q.9 For the next question,

Strongly
Agree
a. Explaining radon risk
as a lifetime risk
makes it easy to
understand your radon
risk 01

b. Explaining radon risk
as a lifetime risk
makes it easy to de-
cide whether to reduce
radon levels in your
home soon 01

c. Explaining radon risk
as a lifetime risk
makes it easy to compare
radon with other health
risks 01

02

02

02

For each statement | read, tell me how strongly you

Dis- Strongly Don't
Agree agree Disagree Know

03 04 94
03 04 94
03 04 94

I'd like you to think about whether features of the

radon risk charts in the white booklet helped or did not help you
understand your radon risk. For each feature | read, tell me if it helped,
did not help, or confused you.

a.

(@)

Don't

Helped No Help Confused Know

Use of heads
on the chart 01

. Numbers on the chart 01

Comparison of radon risk

with smoking 01

Comparison of radon risk

with x-rays 01
-4 -

02

02

02

02

03

03

03

03

94

94

94

94
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Q.10 Was there anything else about the chart that you found to be particularly
helpful or confusing?

Helpful:

Helpful:

Confusing:

Confusing:

Q.11 Do you recall where on the radon risk chart your reading was? Was it (READ
ITEMS a. THROUGH d .)

a. Above the middle 01
b. In the middle 02
c. Below the middle 03
d. At the bottom 04
e. DONT KNOW (DON'T READ) 94

SECTION IV: RISK ADJUSTMENT

Q.12 The lifetime risk of dying was calculated for a typical household. Did you
think that your risk or your household’s risk was typical, or did you
adjust the typical lifetime risk for your household’s circumstances? DO
NOT READ THE LIST

ADJUSTED LIFETIME RISK 01 + Go to Q.14

USED LIFETIME RISK 02 + Go to Q.13

NEITHER USED NOR ADJUSTED

THE RISK 03 + Go to Q.13
-5-
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Q.13 People have different reasons for not making an adjustment, Was there a
particular reason why you did not adjust the risk to fit your own
circumstances? DON'T READ ITEMS a. THROUGH g.

a. BOOKLET TOLD ME TO USE THE LIFETIME RISK 01
b. YOUR TYPICAL LIFETIME RISK WAS SO LOW THAT
YOU DIDN'T NEED TO MAKE AN ADJUSTMENT 02
c. YOU WERE NOT SURE HOW TO MAKE AN ADJUSTMENT 03
d. THE TYPICAL LIFETIME RISK FITS YOUR
PRESENT CIRCUMSTANCES 04 FOR ANY
RESPONSE
e. DIDN'T THINK ABOUT DOING IT 05 GO TO
Q.16
f . OTHER REASON (SPECIFY)
06
g. DONT KNOW 94

Q.14 Did you adjust the risk for yourself, another adult, children, or for the
household as a whole? CHECK WHO THE ADJUSTMENTS WERE MADE FOR. THEN
ASK....

Compared to the typical lifetime risk, was the adjusted risk for (you, the

other adult, the children, the household) (READ ITEMS a. THROUGH e.
BELOW). REPEAT LIST FOR EACH PERSON ADJUSTMENT WAS MADE FOR.

Respondent Adult Children Household

a. Much lower 01 01 01 01
b. Lower 02 02 02 02
c. About the same as 03 03 03 03
d. Higher 04 04 04 04
e. Much higher 05 05 05 05

f. DON'T KNOW
(DON'T READ) 94 94 94 94
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Q.15 For each factor | read, tell me if you considered it in adjusting the
typical lifetime risk for (yourself, the other adult, the children, the
household). READ ITEMS a. THROUGH f. BELOW FOR EACH PERSON THE ADJUSTMENT
WAS MADE FOR. CIRCLE THE APPROPRIATE NUMBER TO INDICATE WHICH FACTOR WAS
CONSIDERED.

Respondent  Adult Children Household
a. Age 01 01 01 01
b. The length
of time lived
in your
present home 02 02 02 02

c. How many hours
spent at home

each day 03 03 03 03
d. Present health 04 04 04 04
e. Smoking habits 05 05 05 05

f. How much time
spent in certain
parts of the
house - for example,
in the base-

ment 06 06 06 06

SECTION V: RISK MITIGATION

Q.16 Since receiving your radon reading, have you or anyone in your household
done anything, made any plans to do anything, or considered doing anything
to reduce your household’s exposure to radon?

Yes 01 =+ Go to Q.17
No 02 -+ Go to Q.18

Dont know 94 =+ Go to Q.18

EPA



Q.17 Please tell me what has been done, planned, or considered? DON'T READ

ITEMS a. THROUGH q. IF ACTION INVOLVES A TECHNICAL CHANGE OR EQUIPMENT,

PROBE FOR ESTIMATED COST.

BEHAVIORAL CHANGES

a. EITHER STOP OR CUT DOWN ON
SMOKING INSIDE THE HOME

b. REDUCE THE AMOUNT OF TIME
SPENT IN CERTAIN AREAS OF
YOUR HOME - FOR EXAMPLE,
IN THE BASEMENT

c. OPEN WINDOWS AND TURN ON FANS
TO INCREASE AIR FLOW INTO AND
THROUGH THE HOUSE

d. ARRANGE FOR MORE RADON TESTS
e. CONTACT A CONTRACTOR

f. OPEN THE CRAWL-SPACE VENTS ON
ALL SIDES OF THE HOUSE

g. REVIEW THE MATERIALS AGAIN AND
THEN DECIDE WHAT TO DO

h. OTHER (SPECIFY)

TECHNICAL OR EQUIPMENT CHANGES

i . INSTALL NATURAL VENTILATION

j . INSTALL FORCED VENTILATION

k. HEAT RECOVERY VENTILATION

| . COVER EXPOSED EARTH

m. SEAL CRACKS AND SPACES

n. INSTALL DRAIN TILE (PIPE) SUCTION
0. INSTALL BLOCK-WALL VENTILATION

p. INSTALL SUB-SLAB SUCTION

q. OTHER (SPECIFY)

Done

Done

01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

01

Planned

02

02

02

02

02

02

02

02

Planned

02

02

02

02

02

02

02

02

02

Considered

03

03

03

03

03

03

03

03

Considered

03

03

03

03

03

03

03

03

03

&$H hH B B B L v P

Cost
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Q.18 Since we talked with you last summer have you made any of the following major

changes to your home? Have you (READ ITEMS a. THROUGH g.). ASK FOR THE

APPROXIMATE MONTH EACH CHANGE WAS MADE, AND THE APPROXIMATE COST)

a. Changed your attic
insulation

b. Caulked your windows or doors

c. Installed a new furnace or a
conditioning system

d. Changed your doors or windows

e. Sealed cracks in your baseme
f. Installed an air-to-air heat
exchanger

g. Made any other changes
(describe)

Yes

ir

nt

01

01

01

01

01

01

01

No

02

02

02

02

02

02

02

Don’t
Know

94

94

94

94

94

94

94

Month Cost
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SECTION VI: EVALUATION OF RADON REDUCTION METHODS BOOKLET

Q.19 You were also sent a copy of a booklet with a blue cover called “Radon
Reduction Methods.” For each statement | read about this booklet, tell me how

strongly you agree or disagree with it.

Strongly Dis- Strongly Don't
Agree Agree agree Disagree Know
a. The booklet was
written in everyday
English 01 02 03 04 94
b. The booklet was easy
to follow 01 02 03 04 94
c. The booklet covered
what you needed to
know 01 02 03 04 94
d. The booklet informa-
tion was easy to apply
to your circumstances 01 02 03 04 94
e. The booklet gave enough
information for you to
make your own evaluation 01 02 03 04 94

f. The booklet information
was consistent with what
you had already read about
radon 01 02 03 04 94

SECTION VII: RADON INFORMATION ACQUISITION AND DISCUSSION

Q.20 Have you discussed your radon reading or the booklets with anyone else?
Yes 01+ Go to Q.21

No 02 + Go to Q.22
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Q.21 Who

a.

b.

m. OTHER (SPECIFY)

Q.22 Other than the materials that we sent, have you read or heard anything, or
inquired about about radon since we talked with you last summer?

did you discuss radon with? DON'T READ THE ITEMS. CIRCLE ALL THAT
APPLY. PROBE BY ASKING WAS THERE ANYONE ELSE.

CHILDREN

RELATIVES OUTSIDE YOUR HOME
NEIGHBORS

FRIENDS

PEOPLE AT WORK

CONTRACTORS

PUBLIC OFFICIALS

STATE AGENCIES

FEDERAL AGENCIES

TOLL FREE TELEPHONE NUMBER IN THE
BROCHURE (NYSERDA OR PROJECT STAFF)

OTHER (SPECIFY)

OTHER ADULT, MEMBER OF THE HOUSEHOLD

Yes 01+ Go to Q.23
No 02 + Go to Q.24

Don’'t know 94 + Go to Q.24

-11-

01

02

03

04

05

06

07

08

09

10

11

12

13
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Q.23 What was the source of that information? DON'T READ THE ITEMS. PROBE FOR
ADDITIONAL SOURCES.

FOR EACH SOURCE MENTIONED, ASK IF WHAT WAS READ OR HEARD WAS BEFORE OR
AFTER RECEIVING THE MATERIALS. UNDER THE APPROPRIATE COLUMN, CIRCLE ALL
SOURCES THAT APPLY.

Before After

a. READ ONE OF THE SOURCES LISTED IN THE BOOKLET 01 02
b. READ A MAGAZINE OR NEWSPAPER ARTICLE 01 02
c. HEARD A TV REPORT ABOUT RADON 01 02
d. HEARD A RADIO REPORT ABOUT RADON 01 02
e. ATTENDED A PUBLIC OR NEIGHBORHOOD MEETING 01 02
f. ASKED A FRIEND OR NEIGHBOR 01 02
g. ASKED YOUR FAMILY DOCTOR ABOUT RADON 01 02
h. ASKED UNIVERSITY OR COLLEGE STAFF 01 02

i . ASKED A GOVERNMENT AGENCY (SPECIFY AGENCY)

01 02
j. ASKED A PUBLIC OFFICIAL (SPECIFY WHO)

01 02
k. OTHER SOURCE (SPECIFY)

01 02
| . NONE OF THE ABOVE 01 02
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Q.24 | am going to read a list of ways the State might provide radon information
to residents. Tell me if you would be very likely, likely, unlikely, or
very unlikely to want information from each of these ways?

Very un- Very Don't
Likely Likely likely Unlikely Know

a. A longer booklet con-
taining more detailed
information about radon
risk 01 02 03 04 94

b. A longer booklet con-
taining more detailed
information about how
to reduce radon levels 01 02 03 04 94

c. A panel of experts at
a city or town meeting 01 02 03 04 94

d. A phone call from a
state agency 01 02 03 04 94

Q.25 Suppose a qualified and state licensed person in your area would diagnose
how radon was getting into your home. He would also help you decide what
to do about it and where to find a qualified contractor. |If the full cost
of this service was (READ CIRCLED VALUE) $25 $50 $100 $150 $250 $400,
would you purchase the service?

Yes 01
No 02

Don't know 94

SECTION VIII: NEW INFORMATION

Q.26 Now, I'd like to ask you about advising a family in your neighborhood on
whether to reduce radon levels in their home, Suppose your neighbors were
told that their reading for the winter months was (READ CIRCLED NUMBER) 3
4 5 8 10 15 20 30 50 75  picocuries per liter. Would you
advise them to reduce their radon levels?
Yes 01 + Go to Q.27
No 02 + Go to Q.28

Don't know 94 + Go to Q.28
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Q.27 How soon would you advise them to reduce the levels? READ ITEMS a.

THROUGH e.
a. As soon as possible 01
b. Within several weeks 02
c. Within several months 03
d. Within the next year 04

e. Within the next few years 05

—h

DON'T KNOW (DON'T READ) 94

SECTION IX: BASELINE QUESTIONS

Q.28 Now, I'd like you to think about different risks you and your household
face. For each type of risk that | read, please tell me how serious you
think the risk is on a scale from 1 to 10. The number 1 on the scale is
not at all serious and 10 is very serious.

Scale No.

a. On a 1 to 10 scale, how serious are risks
you (and your household) face from auto
accidents?

b. On that same 1 to 10 scale, how serious
are risks you (and your household) face
from home accidents?

c. On that same 1 to 10 scale, how serious
are risks you (and your household) face
from being exposed to hazardous wastes
from factories or landfills?

d. On that same 1 to 10 scale, how serious

are risks you (and your household) face
from being exposed to radon?

Q.29 In general, compared to other health risks people face, how serious a
health risk is radon? Use the same 1 to 10 scale. CIRCLE RESPONSE.

1 2 3 4 5 6 7 8 9 10 94
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Q.30 Please tell me how strongly you agree or disagree with the following

statements about radon risk compared to other types of risk.

Strongly
Agree  Agree

a. The risk of
dying from
radon is very
similar to
the risk of
dying from
flyoo%l 01 02

b. The risk of
dying from
radon is very
similar to the
risk of dying
from chemicals
in abandoned
hazardous
waste sites 01 02

c. The risk of
dying from
radon is very
similar to the
risk of dying
from a nuclear
power plant
accident 01 02

a. Minor skin problems 01
b. Or lung cancer 02

c. DON'T KNOW (DON'T READ) 94

Q.32 High levels of radon exposure (READ LIST)

a. will irritate the
throat and eyes 01

b. or will not irritate
the throat and eyes 02

c. DONT KNOW (DON'T READ) 94

-15 -

Strongly Don't
Disagree Disagree Know

03 04 94
03 04 94
03 04 . 94

Q.31 Are high levels of radon likely to cause (READ LIST)

EPA



Q.33 When radon is measured indoors, the level (READ LIST)

a. Will depend on whether

the house is closed up 01

b. Or will not depend on
whether the house is 02
closed up

c. DONT KNOW (DON'T READ) 94

Q.34 Are radon levels usually higher (READ LIST)

a. In the basement or
lowest floor 01

b. Or on the highest floor 02

c. DON'T KNOW (DON'T READ) 94

Q.35 Are people's risk from one year of radon exposure (READ LIST)

a. Much lower than their
risk from a lifetime 01
exposure

b. Or about the same as
their risk from a
lifetime exposure 02

c. DON'T KNOW (DON'T READ) 94
Q.36 Are household appliances such as furnaces or clothes dryers likely to
(READ LIST)

a. Increase the amount of
radon by lowering in- 01
side air pressure

b. Or decrease the amount
of radon by venting it

outside 02

c. DONT KNOW (DONT READ) 94

Q.37 Do you still have questions or concerns about radon? If so, what are they?

THAT'S ALL OF THE QUESTIONS | HAVE. THANK YOU FOR YOUR COOPERATION.
-16 - EPA



CONTROL FORM FOR THE NEW YORK RADON FOLLOW-UP SURVEY

INTERVIEW START TIME: STOP TIME: LTR
AFFIX ASSIGNMENT
LABEL HERE
RemaiT: Booklets Letter Date
'RECORD OF TELEPHONE CONTACTS
DAY OF RESULT TI
WEEK DATE | TIME NOTES CODE |INITIALS
A
P
A
P
A
P
A
P
A
P|.
A
P
A
P
A
P
A
P
A
P

CONTACT RESULT CODES

01 Interview Complete
02 Interview breakoff/partial data
03 Interview Refusal
04 Call back; respondent has not
. read the materials
05 Call back; respondent unavailable

06 Call back; riﬁg, no answer
or busy signal

07 Call back: remail materials

08 Unlisted number

09 Not a working or residential

number







SECTION I: INTRODUCTION

Hello, my name is . I'm calling from Research
Triangle Institute in North Carolina, We are conducting the follow-up survey of
participants in the State of New York’s radon study. | would like to talk with

(READ NAME ON THE ASSIGNMENT LABEL), or the person we spoke with early last
summer about the radon study.

WHEN YOU ARE TALKING WITH THE PERSON WHO WAS PREVIOUSLY INTERVIEWED, RECORD THAT
PERSON'S NAME BELOW.

Respondent’s Name:

Q.1 Did you recently receive a letter containing the radon reading for your
home? CIRCLE A “YES” OR “NO” RESPONSE.

Yes 01 <+ Go to Statement 2 below.

No 02 + Go to Statement 1 below.

STATEMENT 1

There must have been a mailing error. | will notify the project leader and
have the missing material mailed out to you tomorrow. I'll call again after
you've had time to.get the material and read it. | want to confirm your name and
mailing address.

CONFIRM THE PERSON'S NAME AND MAILING ADDRESS. MAKE NECESSARY CORRECTIONS ON
THE ASSIGNMENT LABEL. CHECK WHICH ITEM, BOOKLET OR LETTER, IS TO BE REMAILED.
RETURN THIS CASE TO CEER STAFF.

STATEMENT 2

I'd like to ask some questions about the radon material. This should take only
a few minutes and your answers will be kept strictly confidential.
Q.2 Did you read the letter and the radon background information page?

Yes 01 + Go to Section 2

No 02 + Go to Statement 3

Ltr



STATEMENT 3

Since many of my questions are about the letter and information, | need to ask
the questions after you have had a chance to read the material. Would this time
tomorrow be a good time to call back?

PROBE FOR A CONVENIENT CALLBACK TIME AND RECORD THE TIME IN THE NOTES SECTION ON
THE CONTROL PAGE. IF THE RESPONDENT DECLINES TO BE INTERVIEWED, ASK IF ANOTHER
ADULT MEMBER OF THE HOUSEHOLD HAS READ THE MATERIALS. ATTEMPT TO INTERVIEW THAT
PERSON DURING THIS CALL.

Yes 01 Record callback time

Refused 02 Terminate interview

New Respondent Named 03 Record name of new respondent and attempt to

interview
SECTION II:  MATERIALS RECEIPT INFORMATION
RECORD THE DATE OF THE INTERVIEW: /

Q.4 When did you receive the letter with the radon reading? PROBE FOR
APPROXIMATE DATE. USE NUMBERS FOR MONTH. IF RESPONSE IS "LAST WEEK," ASK
ABOUT HOW MANY DAYS AGO THE MATERIAL WAS RECEIVED.

Date /

Don't know 94

Q.5 When did you last read the material? PROBE FOR APPROXIMATE DATE.

Date /

Don't know 94

Q.6 Altogether, about how long did you spend reading the material? PROBE FOR
APPROXIMATE TIME. RECORD TIME IN MINUTES.

Minutes

Don't know 94



SECTION IlI: RADON INFORMATION EVALUATION

Q.7 The first few questions are about your opinions of the radon background
information page. For each statement | read, please tell me how strongly
you agree or disagree with it.

Strongly Dis- Strongly Don't
Agree Agree agree Disagree Know
a. The information page
was written in everyday
English 01 02 03 04 94
h. The information page
was easy to follow 01 02 03 04 94
c. The information page
covered what you
needed to know 01 02 03 04 94
d. The information made
it easy for you to
evaluate your risk 01 02 03 04 94
e. The information
was consistent with what
you had already read
about radon 01 02 03 04 94

Q.8 For the next question, I'd like you to think about whether specific radon
background information helped or did not help you to understand your radon
risk. For each feature | read, tell me if it helped, did not help, or
confused you.

Don't
Helped No Help Confused Know

a. Typical levels of radon
in the outside air 01 02 03 94

b. The range of Indoor radon
readings in New York State 01 02 03 94

c. Recommendations on when to
take action to reduce your

exposure. 01 02 03 94



Q.9 Was there anything else about the radon background information that you
found to be particularly helpful or confusing?

Helpful:

Helpful

Confusing:

Confusing:

SECTION [IV: RISK MITIGATION

Q.10 Since receiving your radon reading, have you or anyone in your household
done anything, made any plans to do anything, or considered doing anything
to reduce your household’s exposure to radon?

Yes 01 + Go to Q.11
No 02 + Go to Q.12

Don't know 94 <+ Go to Q.12



Q.11 Please tell me what has been done, planned, or considered to reduce your

household’'s exposure to radon?

INVOLVES A TECHNICAL CHANGE OR EQUIPMENT, PROBE FOR ESTIMATED COST.

BEHAVIORAL CHANGES

a.

EITHER STOP OR CUT DOWN ON
SMOKING INSIDE THE HOME

REDUCE THE AMOUNT OF TIME
SPENT IN CERTAIN AREAS OF
YOUR HOME - FOR EXAMPLE,

IN THE BASEMENT

OPEN WINDOWS AND TURN ON FANS
TO INCREASE AIR FLOW INTO AND
THROUGH THE HOUSE

ARRANGE FOR MORE RADON TESTS
CONTACT A CONTRACTOR

OPEN THE CRAWL-SPACE VENTS ON
ALL SIDES OF THE HOUSE

REVIEW THE MATERIALS AGAIN AND
THEN DECIDE WHAT TO DO

OTHER (SPECIFY)

TECHNICAL OR EQUIPMENT CHANGES

INSTALL NATURAL VENTILATION
INSTALL FORCED VENTILATION
HEAT RECOVERY VENTILATION
COVER EXPOSED EARTH

SEAL CRACKS AND SPACES

INSTALL DRAIN TILE (PIPE) SUCTION

INSTALL BLOCK-WALL VENTILATION
INSTALL SUB-SLAB SUCTION

OTHER (SPECIFY)

Done

01

01

01

01

01

01

01

01

Done

01

01

01

01

01

01

01

01

01

Planned

02

02

02

02

02

02

02
02

Planned

02

02

02

02

02

02

02

02

02

Considered

03

03

03

03

03

03

03

03

Considered
03
03
03
03
03
03
03
03

03

&+

©®H  hH H B H H B &H

DON'T READ ITEMS a. THROUGH g. IF ACTION

Cost

Ltr



Q.12 Since we talked with you last summer, have you made any of the following major
changes to your home? Have you (READ ITEMS a. THROUGH g.). ASK FOR THE
APPROXIMATE MONTH EACH CHARGE WAS MADE, AND THE APPROXIMATE COST)

Don't
Yes No Know Month Cost

a. Changed your attic

insulation 01 02 94 $
b. Caulked your windows or doors 01 02 94 $
c. Installed a new furnace or air

conditioning system 01 02 94 $
d. Changed your doors or windows 01 02 94 $
e. Sealed cracks in your basement 01 02 94 <
f. Installed an air-to-air heat

exchanger 01 02 94 $

Made any other changes

(describe) 01 02 94 $

SECTION V: RADON INFORMATION ACQUISITION AND DISCUSSION

Q.13 Have you discussed your radon reading or the booklets with anyone else?
Yes 01+ Go to Q.14

No 02 + Go to Q.15

Ltr



Q.14 Who did you discuss radon with? DON'T READ THE ITEMS. CIRCLE ALL THAT
APPLY. PROBE BY ASKING WAS THERE ANYONE ELSE.

a. OTHER ADULT MEMBER OF THE HOUSEHOLD 01
b. CHILDREN 02
c. RELATIVES OUTSIDE YOUR HOME 03
d. NEIGHBORS 04
e. FRIENDS 05
f. PEOPLE AT WORK 06
g. CONTRACTORS 07
h. PUBLIC OFFICIALS 08
i . STATE AGENCIES 09
| . FEDERAL AGENCIES 10
k. TOLL FREE TELEPHONE NUMBER IN THE
BROCHURE (NYSERDA OR PROTECT STAFF) 11
| . OTHER (SPECIFY) 12

m. OTHER (SPECIFY)

Q.15 Other than the materials that we sent, have you read or heard anything, or
inquired about about radon since we talked with you last summer?

Yes 01 + Go to Q.16
No 02 + Go to Q.17

Don’'t know 94 »+ Go to Q.17



Q.16 What was the source of that information? DON'T READ THE ITEMS. PROBE FOR
ADDITIONAL SOURCES.

FOR EACH SOURCE MEMTIONED, ASK IF WHAT WAS READ OR HEARD WAS BEFORE OR
AFTER RECEIVING THE MATERIALS. UNDER THE APPROPRIATE COLUMN, CIRCLE ALL
SOURCES THAT APPLY.

Before After

a. READ ONE OF THE SOURCES LISTED IN THE BOOKLET 01 02
b. READ A MAGAZINE OR NEWSPAPER ARTICLE 01 02
c. HEARD A TV REPORT ABOUT RADON 01 02
d. HEARD A RADIO REPORT ABOUT RADON 01 02
e. ATTENDED A PUBLIC OR NEIGHBORHOOD MEETING 01 02
f. ASKED A FRIEND OR NEIGHBOR 01 02
g. ASKED YOUR FAMILY DOCTOR ABOUT RADON 01 02
h. ASKED UNIVERSITY OR COLLEGE STAFF 01 02

i. ASKED A GOVERNMENT AGENCY (SPECIFY AGENCY)

01 02
j . ASKED A PUBLIC OFFICIAL (SPECIFY WHO)

01 02
k. OTHER SOURCE (SPECIFY)

01 02
| . NONE OF THE ABOVE 01 02



Q.17 | am going to read a list of ways the State might provide radon information
to residents. Tell me if you would be very likely, likely, unlikely, or
very unlikely to want information from each of these ways?

Very un- Very Don't
Likely Likely likely Unlikely Know

a. A longer booklet con-
taining more detailed
information about radon
risk 01 02 03 04 94

(on

A longer booklet con-
taining more detailed
information about how
to reduce radon levels 01 02 03 04 94

c. A panel of experts at
a city or town meeting 01 02 03 04 94

d. A phone call from a
state agency 01 02 03 04 94

Q.18 Suppose a qualified and state licensed person in your area would diagnose
how radon was getting into your home. He would also help you decide what
to do about it and where to find a qualified contractor. |If the full cost
of this service was (READ CIRCLED VALUE) $25 $50 $100 $150 $250 $400,
would you purchase the service?

Yes 01
No 02

Don't know 94

SECTION VI:  NEW INFORMATION

Q.19 Now, I'd like to ask you about advising a family in your neighborhood on
whether to reduce radon levels in their home. Suppose your neighbors were
told that their reading for the winter months was (READ CIRCLED NUMBER) 3
4 5 8 10 15 20 30 50 75 picocuries per liter. Would you

advise them to reduce the radon levels?
Yes 01 + Go to Q.20
No 02 + Go to Q.21

Don't know 94 »+ Go to Q.21



Q.20 How soon would you advise them to reduce the levels? READ ITEMS a.

THROUGH e.
a. As soon as possible 01
b. Within several weeks 02
c. Within several months 03
d. Within the next year 04
e. Within the next few years 05

-

DON'T KNOW (DON'T READ) 94

SECTION VII:  BASELINE QUESTIONS

Q.21 Now, I'd like you to think about different risks you and your household
face. For each type of risk that | read, please tell me how serious you
think the risk is on a scale from 1 to 10. The number 1 on the scale is
not at all serious and 10 is very serious.

Scale No.

On a 1 to 10 scale, how serious are risks
you (and your household) face from auto
accidents?

On that same 1 to 10 scale, how serious
are risks you (and your household) face
from home accidents?

On that same 1 to 10 scale, how serious
are risks you (and your household) face
from being exposed to hazardous wastes
from factories or landfills?.

On that same 1 to 10 scale, how serious
are risks you (and your household) face
from being exposed to radon?

Q.22 In general, compared to other health risks people face, how serious a
health risk is radon? Use the same 1 to 10 scale. CIRCLE RESPONSE.

1

2 3 4 5 6 7 8 9 10 94

-10-

Ltr



Q.23 Please tell me how strongly you agree or disagree with the following
statements about radon risk compared to other types of risk.

Strongly Strongly  Don't
Agree  Agree Disagree Disagree Know

a. The risk of
dying from
radon is very
similar to
the risk of
dying from
floods 01 02 03 04 94

b. The risk of
dying from
radon is very
similar to the
risk of dying
from chemicals
in abandoned
hazardous
waste sites 01 02 03 04 94

c. The risk of

dying from

radon is very

similar to the

risk of dying

from a nuclear

power plant

accident 01 02 03 04 94

Q.24 Are high levels of radon likely to cause (READ LIST)

a. Minor skin problems 01
b. Or lung cancer 02

c. DON'T KNOW (DON'T READ) 94

Q.25 High levels of radon exposure (READ LIST)

a. will irritate the
throat and eyes 01

b. or will not irritate
the throat and eyes 02

c. DON'T KNOW (DON'T READ) 94

-11-



Q.26 When radon is measured indoors, the level (READ LIST)

a. Will depend on whether
the house is closed up 01

b. Or wil not depend on
whether the house is 02
closed up

c. DONT KNOW (DON'T READ) 94

Q.27 Are radon levels usually higher (READ LIST)

a. In the basement or
lowest floor 01

b. Or on the highest floor 02

c. DONT KNOW (DON'T READ) 94

Q.28 Are people’s risk from one year of radon exposure (READ LIST)

a. Much lower than their
risk from a lifetime 01
exposure

b. Or about the same as
their risk from a
lifetime exposure 02

c. DON'T KNOW (DON'T READ) 94

Q.29 Are household appliances such as furnaces or clothes dryers likely to
(READ LIST)

a. Increase the amount of
radon by lowering in- 01
side air pressure

b. Or decrease the amount
of radon by venting it
outside 02

c. DONT KNOW (DON'T READ) 94

Q.30 Do you still have questions or concerns about radon? If so, what are they?

THAT'S ALL OF THE QUESTIONS | HAVE. THANK YOU FOR YOUR COOPERATION.
-12- Ltr



CONTROL FORM FOR THE NEW YORK RADON COMPARISON GROUP FOLLOWUP SURVEY

INTERVIEW START TIME: STOP TIME: NYSERDA|
AFFIX ASSIGNMENT
LABEL HERE
RECORD OF TELEPHONE CONTACTS
DAY OF RESULT I .
WEEK DATE TIME NOTES CODE |INITIALS

A
P
A
p
A
P
A
p
A
P
A
P
A
P
A
P
A
P
A
P

CONTACT RESULT CODES

01 Interview Complete

02 Interview breakoff/partial data

03 Interview Refusal

04 Call back; respondent has not
read the materials

05 Call back; respondent unavailable

06 Call back; ring, no answer
or busy signal

07 Call back; remail materials

08 Unlisted number

09 Not a working or residential
number




RADON INFORMATION EFFECTIVENESS SURVEY:
COMPARISON GROUP FOLLOWUP QUESTIONNAIRE

Hello, my name is . I'mcallting from Research
Triangle Institute in North Carolina. We .are conducting a followup survey of
what people know and think about radon. I would 1ike to talk with (READ NAME
ON THE ASSIGNMENT LABEL) or the person we spoke with early last summer about
radon.

WHEN YOU ARE TALKING WITH THE PERSON WHO WAS PREVIOUSLY INTERVIEWED, RECORD
THAT PERSON'S NAME BELOW.

Respondent's Name:

SECTION I: RADON KNOWLEDGE

I am going to ask some multiple choice questions about radon. Please choose
the answer you think is correct or answer "I don't know" if that's your best
answer.

Record
Responses
1. Is radon a

a. co]Or]ess' odor]ess-gas.....0...0.‘...'....'......'...O.Q.Ql. 01
b. Or a chemical given off by radar equipment...cccececssceccoss 02
C. Don't know (DON.T READ)..........QO.l.........‘..!..l.....Q... 94

2. Is radon caused by
a‘ Industria] po]]ution....'.I..l.l...".............O'...C...OI. 01
b. Or the natural breakdown of uranium...ccceececcecscescccccase - 02
c. Don't know (DON'T READ)...............I..O.....O.....C...Q..O 94
3. Are high levels of radon likely to cause
a. Minor skin problemS..ccevececccecececscccosccssesssscsancsasns 01
b' or ]ung Cancer...‘.'..‘.......................Q....‘..l..'... 02
c. Donlt know (DON'T READ)...C..‘.....'....l.......'........!‘l. 94
4. High levels of radon exposure (READ LIST)
a. Will irritate the throat and eyeS.....ccceveescccceconcescces 01

b. Or will not irritate the throat and €yesS...cceceeecceccccccnns 02
c. Don't know (DON'T READ).O.......l....I.l...‘.‘...'.'OO...'.C. 94



5. When radon is measured indoors, the level (READ LIST)

a. Will denend an whather the house is closed UP.ccaeneesnsse cene 01
. —-pwwd On whether the house is closed Up..ccesosss 02
c. Don't know (DON'T READ).ceceescnenes cevass eeevessrssessesunes 94
6. Are radon levels usually higher in
a. The basement or lowest floor........... cessessecessscsasarane 01
b. Or the highest floor...cceveceeresecccccccss esesccesesccsnasss 02
c. Don t know (DONTREAD)"...0.............'."....O. ......... 94

7. Are people's risk from 1 year of radon exposure (READ LIST)

a. Much lower than their risk from a 1ifetime exposure...... ceas 01
b. Or about the same as their risk from a lifetime exposure..... 02
c. Don't know (DON'T READ).eeecvnccnans teecsvcssscsssesasssanans 94

8. Are household appliances such as furnaces or clothes dryers
likely to

a. Increase the amount of radon by lowering inside air

PreSSUIr@.eceseesscecssacssscsssacsascsscsssesssssssaancsssncs 01
b. Or decrease the amount of radon by ventlng it outs1de ........ 02
c. Don't know (DON'T READ)....... tevessecsscssosstssssssnassesss 94

Now I'd 1ike to ask you a few questions about any information you may have.
read or heard about radon.

9. During the past 3 months, have you read or heard anything about radon?

Yes..........‘........... 01
NOQDQIOC. ...... .0-;..0... 02.’ (GO to 0-12)

10. About how many times during the last 3 months have you read or heard
anything about radon?

(RECORD NUMBER)



11,

12.

13.

Some people may have done more than others to find out about radon. Have
you ever . . . (READ LIST) Dot
on

Yes No  know

a. Bought a newspaper or a magazine specifically to
read something about radon?......cccceevceesoceecases 01 02 94

b. Tuned into a television or a radio program
specifically to learn about radon?....c..cceeeeeeeee.s 01 02 94

c. Obtained information from a library about radon?..... 01 02 94

d. Contacted a federal, state, or local government
agency to get information about radon?.....cccc0e0e.. 01 02 94

e. Attended a public or neighborhood meeting about _
radon?....... P ¢ I ¢ 74 94

f. Discussed radon with friends and relatives?.......... 01 02 94
g. Done anything else that I haven't mentioned to

obtain information about radon? (IF YES, ASK:
What was that?) (RECORD ANSWERS BELOW).....ceeeeeesee 01 02 94

Suppose a qualified and state licened person in your area would diagnose
how radon was getting into your home. He would also help you decide what
to do about it and where to find a qualified contractor. If the full cost
of this service was (READ CIRCLED VALUE) $25 $50 $100 $150 $250 $400,
would you purchase the service?

YeSeieteeaooocnnonsesnsas 01
No.-...‘..... ...... ® 9 e e 02

Now, I'd 1ike to ask you about advising a family in your neighborhood on
whether to reduce radon levels in their home. Suppose your neighbors were
told that their reading for the winter months was (READ CIRCLED NUMBER) 3
4 5 8 10 15 20 30 50 75 picocuries per liter. Would you advise
them to reduce their radon levels?

YeS.ieeieionnteneeennaae. 01 + Go to Q.14
NOeveereonnnncnceencnnsss 02 + GO to Q.15
Don't know.eeeeeeseeees.. 94 + Go to Q.15



14. How soon would you advise them to reduce the levels?

THROUGH f.

a. As soon as possible..ceceevecees . 01
b Within several weekS...ceeaveee .. 02
c. Within several months...... ceesne 03
d. Within the next year....cceeeeee. 04
e. Within the next few years........ 05
f. Don't know (DON'T READ)........ .. 94

READ ITEMS a



SECTION II: RADON RISK INFORMATION

15. Now, I'd like you to think about different risks you and your household

16.

face. For each type of risk that | read, please tell me how serious you
think the risk is on a scale from 1 to 10. Number 1 on the scale is not
at all serious and 10 is very serious.

Scale No.

a. Onal to 10 scale, how serious are risks you
(and your household) face from auto accidents?

b. On that same 1 to 10 scale, how serious are risks
you (and your household) face from home accidents?

c. On that same 1 to 10 scale, how serious are risks
you (and your household) face from being exposed
to hazardous wastes from factories or landfills?

d. On that same 1 to 10 scale, how serious are risks
you (and your household) face from being exposed
to radon?

Compared to other health risks people face, how serious a health risk is
radon--on a scale from 1 to 10 with 1 being not at all serious and 10
being very serious.

(RECORD RESPONSE AND PROBE FOR RANGE OR NUMBER.)




17. | am going to read a list of ways the state might provide radon informa-
tion to residents. Tell me if you would be very likely, likely, unlikely,
or very unlikely to want information from each of these ways?

Very Un- Very Don't
likely Likely likely unlikely know

a. A longer booklet containing
more detailed information
about radon risk 01 02 03 04 94

lon

. A longer booklet containing
more detailed information
about how to reduce radon

levels 01 02 03 04 94
c. A panel of experts at a
city or town meeting 01 02 03 04 94
d. A phone call from a state
agency 01 02 03 04 94
TERMINATION

Thank you very much for your cooperation. Your answers will
be most helpful in this study.



RADON INFORMATION EFFECTIVENESS SURVEY:
COMPARISON GROUP FOLLOWUP QUESTIONNAIRE

Hello, my name is . I'mcalling from Research
Triangle Institute in North Carolina. We are conducting a followup survey of
what people know and think about radon. 1 would 1ike to talk with (READ NAME
ON THE ASSIGNMENT LABEL) or the person we spoke with eariy last summer about
radon.

WHEN YOU ARE TALKING WITH THE PERSON WHO WAS PREVIOUSLY INTERVIEWED, RECORD
THAT PERSON'S NAME BELOW.

Respondent's Name:

SECTION I: RADON KNOWLEDGE

I am going to ask some multiple choice questions about radon. Please choose
the answer you think is correct or answer "I don't know" if that's your best
answer,

Record
Responses
1. Is radon a
a. Colorless, 0dOrTess ga8S..ceeeesccsacacncoscscosanccssscancass 01
b. Or a chemical given off by radar equipment......cccceveeencan 02
c. Don't know (DON'T READ)..e.ev... cetecesecnsstacscetracannnoes 94
2. Is radon caused by
a. Industrial pollutioN..ececececeecanaas ceceeesescssessssennes . 01
b. Or the natural breakdown of uranium.....c.eeceeueeen. ctesscsann 02

C. Don't know (DON'T READ) .cveeeroenesaorscnnecasoscncccsacasaces 94
3. Are high levels of radon likely to cause

a. Minor skin problems........ Ctecessccesessesstcssccnsssosenaan 01

b. Or lung cancer..... Cecsescesene ceececssescasennana ceeccesens . 02

C. Don't know (DON'T READ) eeeeeuuveeeoerocsasncoceocncesossacanes 94
4. High levels of radon exposure (READ LIST)

a. Will irritate the throat and eyes....cceeeeeeeececennceacanne 01

b. Or will not irritate the throat and eyeS...cceeeeenennn.. cee. - 02
c. Don't know (DON'T READ).......... Ceeeeetasecccectoancnsccnoes 94



5. When radon is measured indoors, the level (READ LIST)
a. Will denend nan whather the house is closed UP..ceeeeevccncaes
. —wpwod On whether the house is closed Up..eceveen
c. Don't know (DON'T READ).eeeeeeecococcscas ceceevesccssscsanans

6. Are radon levels usually higher in

a. The basement or Towest floOr...eeeeecccecccccne cececcens veeen
b. Or the highest floor.......... cesessssscvensesesovanavsaces .o
C. Don't know (DONIT READ)..I.C ..... QIOCQ'.0.'.........'.‘...'l.

7. Are people's risk from 1 year of radon exposure (READ LIST)

a. Much lower than their risk from a lifetime exposure..........
b. Or about the same as their risk from a lifetime exposure.....
Cl Don't know (DON.T READ)'..I.O’....0...............l..l."....

8. Are household appliances such as furnaces or clothes dryers
likely to

a. Increase the amount of radon by lowering inside air

PreSSUT . e eneeeececessasseancaacssosascassascssssacossscsacss
b. Or decrease the amount of radon by venting it outside........
C. Don't know (DON'T READ) ceeveeacoceacccoccscossccacsosscannass

01
94

01
94

01
94

01
02
94

Now I'd 1ike to ask you a few questions about any information you may have

read or heard about radon.

9. During the past 3 months, have you read or heard anything about radon?

Yes....................Ol 01
NOeeveuenne teseescccesess 02 + (Go to Q.12)

10. About how many times during the last 3 months have you read or heard
anything about radon?

(RECORD NUMBER)



11.

12.

13.

Some people may have done more than others to find out about radon. Have
you ever . . . (READ LIST) son't
on'

Yes No  know

a. Bought a newspaper or a magazine specifically to
read something about radon?.......ccceeccececcscesces 01 02 94

b. Tuned into a television or 2 radic program
specifically to learn about radon?.....cccceoseeeeee. 01 02 94

Cc. Obtained information from a library about radon?..... 01 02 94

d. Contacted a federal, state, or local government
agency to get information about radon?............ ... 01 02 94

e. Attended a public or neighborhood meeting about _

radon?...Q.....Ol.'o!..Q.0.0‘....-'..I..OCQ.......QOQ

01 02 94

f. Discussed radon with friends and relatives?....eecee. 01 02 94

g. Done anythihg else that I haven't mentioned to
obtain information about radon? (IF YES, ASK: .
What was that?) (RECORD ANSWERS BELOW)...cevesessesss 01 02 94

Suppose a qualified and state licened person in your area would diagnose
how radon was getting into your home. He would also help you decide what
to do about it and where to find a qualified contractor. If the full cost
of this service was (READ CIRCLED VALUE) $25 $50 $100 $150 $250 $400,
would you purchase the service?

YOS eeereeeoonnnnnns cesees 01
No..O.....Ol............' 02
Don't knoWeeeoveeeeeeeese 94

Now, I'd like to ask you about advising a family in your neighborhood on
whether to reduce radon levels in their home. Suppose your neighbors were
told that their reading for the winter months was (READ CIRCLED NUMBER) 3
4 5 8 10 15 20 30 50 75 picocuries per liter. Would you advise
them to reduce their radon levels?

YOS . ueseeneesntonseenease 01 + GO to Q.14
No........l..'.....l...'. OZ*GO to 0015
Don't knoW.eveeeeeveneee. 94 + Go to Q.15



14, How soon would you advise them to reduce the levels? READ ITEMS a
THROUGH f.

a. As soon as possible....eveeeeoee. 01
b. Within several weekS....ccceeeee. 02
c. Within several months....cce000... 03
d. Within the next year.......c..... 04
e. MWithin the next few vears........ 05
f. Don't know (DON'T READ)........ .. 94



15.

16.

SECTION II:  RADON RISK INFORMATION

Now, I'd like you to think about different risks you and your household
face. For each type of risk that | read, please tell me how serious you
think the risk is on a scale from 1 to 10. Number 1 on the scale is not

at all serious and 10 is very serious.
Scale No.

a. On a 1 to 10 scale, now serious are risks you
(and your household) face from auto accidents?

b. On that same 1 to 10 scale, how serious are risks
you (and your household) face from home accidents?

C. On that same 1 to 10 scale, how serious are risks
you (and your household) face from being exposed
to hazardous wastes from factories or landfills?

d. On that same 1 to 10 scale, how serious are risks
you (and your household) face from being exposed
to radon?

Compared to other health risks people face, how serious a health risk is
radon--on a scale from 1 to 10 with 1 being not at all serious and 10

being very serious.

(RECORD RESPONSE AND PROBE FOR RANGE OR NUMBER.)




17. | am going to read a list of ways the state might provide radon informa-
tion to residents. Tell me if you would be very likely, likely, unlikely,
or very unlikely to want information from each of these ways?

Very Un- Very Don't
likely Likely unlikely unlikely know

a. A longer booklet containing
more detailed information
about radon risk 01 02 03 04 94

b. A longer booklet containing
more detailed information
about how to reduce radon

levels 01 02 03 04 94
c. A panel of experts at a
city or town meeting 01 02 03 04 94
d. A phone call from a state
agency 01 02 03 04 94
TERMINATION

Thank you very much for your cooperation. Your answers will
be most helpful in this study.



